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FIELD OF THE INVENTION 

The present invention pro\ ides Orphanin FQ receptor nucleic acid sequences. 
Specifically, the present invention provides nucleic acid sequences of differentially expressed 
splice variants of the Orphanin FQ receptor. The present invention also pro\ ides methods of 
IG using the Orphanin FQ receptor nucleic acid sequences for the identification of pharmaceutical 
agents and the generation of animal models of Orphanin FQ receptor-mediated disease states. 

BACKGROUND 

The use (and abuse) of opiates, archetypally opium and morphine, have been known 
15 since antiquity (reviewed in Brownstein, Proc. Natl. Acad. Sci, USA 90:5391 [1993]). Since the 
nineteenth centur}% chemical characterization and synthesis of a number of morphine analogues 
have been achieved in an effort to discover a compound with the analgesic effects of morphine 
that lacks or is substantially attenuated in its addictive potential. These efforts have proven 
fruitless to date. 

20 The biology behind the reasons why morphine and morphine-like compounds display 

both analgesic and addictive properties was first elucidated by the discovery of endogenous 
morphine-like compounds termed enkephalins {See e.g., DiChara and North, Trends in 
Pharmacol. Sci. 13:185 [1992] for review). Accompanying this finding of an endogenous opiate 
was the biochemical evidence for a family of related but distinct opiate receptors, each of w^hich 

25 displays a unique pharmacological profile of response to opiate agonists and antagonists {See 
e.g., McKnight and Rees, Neurotransmissions 7:1 [1991] for review). To date, four distinct 
opiate receptors have been described by their pharmacological profiles and anatomical 
distribution: these comprise the mu, delta, kappa and sigma receptors. 



30 development de\ oted to identifying new therapeutic agents (Phamiaceutical Manufacturer's 
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Association). The magnitude of this amount is due, in part, to the fact that the hundreds, if not 
thousands, of chemical compounds must be tested in order to identify a single effective 
therapeutic agent that does not engender unacceptable levels of undesirable or deleterious side 
effects. There is an increasing need for economical methods of testing large numbers of 
5 chemical compounds to quickly identify those compounds that are likely to be effective in 
treating disease. 

This is of particular importance for psychoactive and psychotropic drugs, due to their 
pharmacological importance and their potential to greatly benefit or greatly harm human patients 
treated with such drugs. At present, few such economical systems exist. Conventional screening 

10 methods require the use of animal brain slices in binding assays as a first step. This is suboptimal 
for a number of reasons, including interference in the binding assay by non-specific binding of 
heterologous (/.e., non-receptor) cell surface proteins expressed by brain cells in such slices; 
differential binding by cells other than neuronal cells present in the brain slice, such as glial 
cells or blood cells; and the possibility that putative drug binding behavior in animal brain cells 

15 will differ from the binding behavior in human brain cells in subtle but critical ways. For these 
and other reasons, development of /// vitro screening methods for psychotropic drugs has 
numerous advantages and is a major research goal in the pharmaceutical industry. 

SUMMARY OF THE INVENTION 

20 The present invention provides Orphanin FQ receptor nucleic acid sequences. 

Specifically, the present invention provides nucleic acid sequences of differentially expressed 
splice variants of the Orphanin FQ receptor. The present invention also provides methods of 
using the Orphanin FQ receptor nucleic acid sequences for the identification of pharmaceutical 
agents and the generation of animal models of Orphanin FQ receptor-mediated disease states. 

25 In some embodiments, the present invention provides an isolated OFQR nucleic acid 

sequence. The present invention is not limited to a particular isolated OFQR nucleic acid 
sequence. Indeed, a variety of sequences are contemplated. For example, in some embodiments, 
the present invention provides a composition comprising an isolated nucleic acid sequence 
encoding a polypeptide that binds to Orphanin FQ, wherein the nucleic acid is at least 85% 

30 identical to a nucleic acid sequence selected from the group including, but not limited to, SEQ ID 
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NOs: 9, 10, 12, 14, 16, 18, 19, 20, and 21. In some embodiments, the nucleic acid is selected 
from the group including, but not limited to. SEQ ID NOs: 9, 10, 12, 14, 16, 18, 19, 20. and 21, 
In some embodiments, the nucleic acid is al least 90% identical to a nucleic acid sequence 
selected from the group including, but not limited to, of SEQ ID NOs: 9, 10, 12, 14, 16, 18, 19, 
5 20, and 21 . in other embodiments, the nucleic acid hybridizes under conditions of low 

stringency to a nucleic acid is selected from the group including, but not limited to, SEQ ID 
NOs: 9, 10, 12, 14, 16, 18, 19, 20, and 21. In some embodiments, the present invention provides 
a vector comprising the nucleic acid sequences described herein. In further embodiments, the 
present inx ention provides a host cell comprising the vector. In yet other embodiments, the 

10 present invention prox ides an animal comprising the host cell. In some embodiments, the animal 
is a non-human mammal. In some preferred embodiments, the animal expresses a polypeptide 
selected from the group consisting of SEQ ID NOs: 11, 13, 15, 17 and 23. In some 
embodiments, the nucleic acid sequence encodes a polypeptide that binds to Orphanin FQ, 
wherein the polypeptide is at least 95% identical to a polypeptide selected from the group 

15 consisting ofSEQ ID NOs: 11, 13, 15, 17 and 23. 

The present invention also provides a composition comprising an isolated nucleic acid 
sequence selected from the group including, but not limited to, SEQ ID NOs: 9, 10, 12, 14, 16, 
18, 19, 20, and 21. In some embodiments, the nucleic acid sequence is SEQ ID NO: 9. 

The present invention further provides an OFQR polypeptide. The present invention is 

20 not limited to a particular OFQR polypeptide. Indeed, a variety of OFQR polypeptides are 
contempled. For example, in some embodiments, the present invention further provides a 
composition comprising an isolated polypeptide sequence that binds to Orphanin FQ, wherein 
the polypeptide is at least 95%o identical to a polypeptide selected from the group consisting of 
SEQ ID NOs: 11, 13, 15, 17 and 23. In some embodiments, the polypeptide is selected from the 

25 group including, but not limited to, SEQ ID NOs: 11, 13, 15, 17 and 23. 

The present invention provides a method for screening test compounds for the ability to 
alter the level of interaction between Orphanin FQ and OFQR, comprising: prox iding at least one 
OFQR polypeptide {e.g.. including but not limited to, those selected from the group consisting of 
SEQ ID NOs: 11, 13, 15, 17, and 23); an orphanin FQ peptide; and one or more test compounds; 

30 and combining in any order, at least one OFQR polypeptide, the orphanin FQ peptide, and the 
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one or more test compounds under conditions such that the OFQR polypeptide sequence, the 
orphanin FQ peptide, and the test compound can interact; detecting the level of interaction 
between the OFQR polypeptide sequence and the orphanin FQ peptide; and comparing the level 
of interaction of the OFQR polypeptide sequence and the orphanin FQ peptide in the presence of 
5 the test compound lo the level of interaction in the absence of the test compound. 

The present invention also provides a method for screening test compounds for the ability 
to bind to OFQR, comprising: providing at least one polypeptide sequence selected from the 
group consisting of SEQ ID NOs: 11, 13, 15, 17, and 23; one or more test compounds; and 
combining the at least one polypeptide sequence selected from the group consisting of SEQ ID 

10 NOs: IK 13, 15, 17, and 23 and the one or more test compounds under conditions such that the 
polypeptide sequence and the test compound can interact; and detecting the presence or absence 
of binding between the polypeptide sequence and the test compound. 

The present invention further provides a method of screening test compounds for their 
ability to alter OFQR signaling activity, comprising: providing at least one polypeptide sequence 

15 selected from the group consisting of SEQ ID NOs: 11, 13, 15, 17, and 23; a test compound 
suspected of altering OFQR signaling activity; and contacting the test compound with the 
polypeptide; and comparing the level of signaling activity of the polypeptide in presence of the 
test compound to the le\ el of signaling in the absence of the test compound. In some 
embodiments, the polypeptide is expressed in a cell. In some embodiments the method further 

20 comprises providing a reporter gene construct comprising a reporter gene. In some embodiments, 
the step of determining if the compound alters the signaling of the polypeptide comprises 
detecting expression of the reporter gene. 

DESCRIPTION OF THE FIGURES 

25 The following figures fomi part of the present specification and are included to further 

demonstrate certain aspects and embodiments of the present invention. The invention may be 
better understood by reference to one or more of these figures in combination w ith the 
description of specific embodiments presented herein. 
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Figure 1 shows the structure of the rat OFQ receptor gene. (A) Restriction map and exon 
location. The restriction sites for Psi I (P), Acc I (A), and Sac I (S) are shown with the relative 
distances of each exon. (B) mRNA organization. Shaded and clear rectangles with size (bp) 
represent exons of the open reading frame and the untranslated regions, respecti\ ely. The ATG 
5 translation initiation codon is located in exon 2, and the TGA termination codon is located in 
exon 6. 

Figure 2 shows the nucleotide (SEQ ID NO:34) and deduced amino acid (SEQ ID 
NO:35) sequences of the rat OFQ receptor gene. The five exons (uppercase) are underlined. 
The nucleotide sequence is numbered on the far left, relative to the first nucleotide of the 

10 translation initiation codon in exon 2. Amino acids are numbered on the far right and are 
designated with single-letter symbols below each triplet codon. Figure 2 also shows the 
nucleotide sequence of the 5' fianking region of the rat OFQ receptor gene. The nucleotide 
sequence is numbered relative to the first nucleotide (dA) of the translation initiation codon (far 
right). A tandem dinucleotide sequence (GA) at nt 2312-2251 and two (AAAAC)3 repeat 

15 sequences at nt 1 106-1053 are underlined. Potential binding sites for RNA polymerase II 

(TATA) are marked with boxes at nt 852-849 and at nt 272-269. Transcription initiation sites 
are indicated with arrows. The exons are in uppercase. The methionine (M) of the translation 
initiation codon is depicted with a single-letter symbol beloW' the triplet codon (ATG) in exon 2. 
The sites of consensus motifs for transcription factors Ap2 and Spl are underlined and labeled. 

20 Figure 3 shows primer extension for the identification of the transcription initiation sites. 

The transcription initiation sites were identified as the cytosine at nt 750 (A) and the guanine at 
nt 139 (B) (see asterisks). Lanes A, C, G, and T indicate the size of the genomic DNA from 
dideoxy sequencing using the same primers that were used for the primer extension experiment. 
(C) Transcription initiation sites. CAP 1 is the transcription initiation site of mRNAs containing 

25 exon 1 by joining nt 501 in exon 1 to nt 33 in exon 2. CAP 2 is the transcription initiation site of 
mRNAs deleted for exon 1. 

Figure 4 shows PCR cloning of gene splice variants. The resulting PCR bands obtained 
from primers P5 and PIO using the RT-PCR products of either primer P9 located in exon 1 (A) 
or P3 contained in intron 1 sequence (B) in combination with primer PI 3, were subcloned into 

30 the Ml 3 vector and sequenced by the dideoxy chain temiination method. (C) Alteniative 




splicing of the rat OFQR gene. OFQR-a (SEQ ID NO:10) contained all six exons, whereas 
OFQR-e was deleted for exons 3, 4. and 5. Two mRNA variants, OFQR-b (SEQ ID NO: 12) and 
-c (SEQ ID NO: 14) were deleted for exon 4 and for exons 3 and 4, respectively. OFQR-d (SEQ 
ID NO: 16) was the same isofomi as OFQR-c, except for the 15-bp (GTATGTCATCCTCAG; 
5 SEQ ID NO:36) deletion in exon 2 at nt 243 257. OFQR-b' (SEQ ID NO: 17) , -c' (SEQ ID 
NO: 19), -d' (SEQ ID NO:20) and -e' (SEQ ID N0:21 ) are mRNA variants deleted for exon 1 . 
Shaded and clear boxes indicate exons for the open reading frames (corresponding to the 
polypeptide sequences for variant a (SEQ ID NO: 1 1 ); variant b (SEQ ID NO: 13); variant c (SEQ 
ID N0:15; variant d (SEQ ID N0:17; and variant e (SEQ ID NO:23) for the untranslated 
10 regions, respectively. The asterisks in exons 5 and 6 indicate the positions of early temiination 
in protein coding regions. The putati\ e open reading frames are (D) Translation of intron 5 and 
comparison of the amino acid homology to the published sequence. The nucleotide sequence (a; 
SEQ ID N0:31 ) of intron 5 is indicated by arrows and is depicted in the single-letter symbols 
below each triplet codon (b; SEQ ID NO:32), and compared to the amino acid sequence reported 
15 by Wang et al. (FEBS Lett, 348, 75 [1994]) (c; SEQ ID NO:33), 

Figure 5 shows Expression of alternative splicing in rat tissues. Either primer P9 (A) in 
exon 1 or P3 (B) in intron 1 in combination with PI 3 in the 3' untranslated region were used in 
PCR to produce full-length cDNAs. The primer P3 containing the 19-mer intron 1 sequence 
(shown in lowercase in Table 1 ) was designed to verify only exon 2 expression in mRNA. 
20 OFQR-c, -d, -c' and -d' could not be distinguished from one another due to minimal size 
differences (i.e., 1 5 bp). No message could be detected from kidney, heart, lung, or muscle. 
Multiple receptor fomis containing exon 1 were expressed in various tissues (A), whereas those 
without exon 1 were restricted to brain (B), GAPDH served as an internal control (C). 

Figure 6 shows the nucleic acid sequence of SHQ ID NO: 9. 
25 Figure 7 shows the nucleic acid sequence of SEQ ID NO: 10. 

Figure 8 shows the amino acid sequence of SEQ ID NO: 1 1. 

Figure 9 shows the nucleic acid sequence of SEQ ID NO: 12. 

Figure 10 shows the amino acid sequence of SEQ ID NO: 13. 

Figure 1 1 shows the nucleic acid sequence of SEQ ID NO: 14. 
30 Figure 12 shows the amino acid sequence of SEQ ID NO: 15. 
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Figure 13 shows the nucleic acid sequence of SEQ ID NO: 16. 
Figure 14 shows the amino acid sequence of SEQ ID NO: 17. 
Figure 15 shows the nucleic acid sequence of SEQ ID NO: 18. 
Figure 16 shows the nucleic acid sequence of SEQ ID NO: 19. 
5 Figure 17 shows the nucleic acid sequence of SEQ ID NO: 20. 

Figure 18 shows the nucleic acid sequence of SEQ ID NO: 21 . 
Figure 19 shows the nucleic acid sequence of SEQ ID NO: 22. 
Figure 20 shows the amino acid sequence of SEQ ID NO: 23. 

10 GENERAL DESCRIPTION OF THE INVENTION 

The present invention provides Orphanin FQ receptor nucleic acid sequences. 
Specifically, the present invention provides nucleic acid sequence of differentially expressed 
splice variants of the Orphanin FQ receptor. The present invention also provides methods of 
using the Orphanin FQ receptor nucleic acid sequences for the identification of pharmaceutical 

15 agents and the generation of animal models of Orphanin FQ receptor-mediated disease states. 

Orphanin FQ (OFQ), also called nociceptin, is a 1 7-amino acid peptide (Phe-Gly-Gly- 
Phe-Thr-Gly-Ala-Arg-Lys-Ser-Ala-Arg-Lys-Leu-Ala-Asn-Gln; SEQ ID NO:24) isolated from 
the central ner\'ous system. Research has shown that OFQ receptors (OFQRs) have the classical 
seven transmembrane-spanning domain structure of G protein-linked receptors and high 

20 sequence homology to opioid receptors (Bunzow^ et al., FEBS Lett. 347: 284 [1994]). OFQRs 
bear several similarities to opioid receptors in that they appear to inhibit adenylate cyclase 
through a Gi protein, they activate inwardly rectifying K"" channels, and they inhibit N-type 
voltage-operated Ca^" channels. However, OFQRs have a very low affinity for the classical 
opioid ligands (Darland ei ciL, Trends Neurosci. 21,215 [1998]). Similar or perhaps identical 

25 receptors in various species have been reported: in human, opioid receptor-like 1 (ORLl, 

Mollereau et ciL. FEBS Lett. 341, 331994); in rat, rat opioid receptor C (ROR-C, Fukuda et ai. 
FEBS Lett. 343:42 [1994]), X-opioid receptor (XOR, Chen et aL. FEBS Lett. 347:279 [1994]), 
LC132 (Bunzow et aL. FEBS Lett. 347:284 [1994]), X-opioid receptor 1 (XORl, Wang et ai, 
supra). Hyp 8-1 (Wick et ciL. Brain Res. Mol. Brain Res. 27:37 [1994]), and C3 (Lachowicz et 

30 a/., J. Neurochem. 64: 34 [1995]); and in mouse, opioid receptor C (MOR-C, Nishi et ciL. 
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Biochem. Biophys. Res. Commun. 205:1353 [1994]) and K3-rclated opioid receptor (KOR-3, Pan 
ct uL, Regul. Pept. 54, 217 [1994]; Pan ct uL. Mol. Phamiacol. 47:1 180 [1995]: Pan et uL. Gene 
171:255 [1996a]). OFQ binds to these receptors w ith high affinity in a saturable manner 
(Reinscheid et uL. Science 270:792 [1995]). Moreover, OFQ inhibits (with an EC50 of about 1 
5 nM) forskolin-induced cAMP accumulation in CHO cells transfected with the receptor; an effect 
that is not modified by opioid ligands (Meunier et ciL, Nature 377:532 [1995]; Reinscheid et al., 
supra). OFQ was shown to reduce, in a concentration-dependent manner, the electrically 
induced ileal contraction in guinea pig (Zhang et ai. Brain Res. 772:102 [1997]), rat (Yazdani et 
ai. Gastroenterology 1 16:108 [1999]), and pig (Osinski et cii, Eur. J. Pharmacol. 365:281 

10 [1999]). Intracerebroventricular OFQ administration was shown to induce hyperalgesia and 

decrease locomotor activity in mice (Meunier et al., supra', Reinscheid et al., supra), suggesting 
a modulatory or neurotransmitter role in the central nervous system, as has been reported for 
other central functions (for a review, see Darland et al., supra). Subsequently, OFQ was shown 
to have a dual effect on pain perception in mice — initial hyperalgesia followed by analgesia 

15 (Rossi et al, J. Pharmacol. Exp. Ther. 282:858 [1997]). Although the analgesic effect can be 
blocked by classical opioid antagonists, it is not mediated by traditional §-, k- and |.i-opioid 
receptors (Rossi et al., [\991]supra\ Rossi et ai., Brain Res. 792:327 [1998]; Noda a/., J. Biol. 
Chem. 273:18047 [1998]). 

These observations suggest that OFQR subtypes may exist in the central ner\'ous system. 

20 This hypothesis is supported by receptor binding studies of cerebral homogenates or CHO cells 
that express OFQR chimeras (Mathis et al, Biochem. Biophys. Res. Commun. 230:462 [1997]; 
Pan et al, FEBS Lett. 395:207 [1996b]). OFQR mRNA expression has also been demonstrated 
in peripheral tissues such as rat intestine (Wang et al, supra), pig gastrointestinal tract (Osinski 
et al, 1999), and in human immune system cells such as lymphocytes and monocytes (Peluso et 

25 al, supra). 

Accordingly, in some embodiments, the present invention provides genes encoding OFQ 
receptors, as well as isofomis {e.g.. splice variants) expressed in different tissues. In other 
embodiments, the present invention provides drug screening assays for the identification of 
compounds that effect signaling by the different isofomis of the OFQR {e.g.. agonists or 
30 antagonists). The present invention is not limited to any one mechanism. Indeed, an 
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understanding of the mechanism is not necessan to practice the present in\ ention. Nonetheless, 
it is contemplated that therapeutic agents are targeted to specific receptor isofomis, and can thus 
provide specific therapies with decreased side effects. 

s DEFINITIONS 

To facilitate an understanding of the present invention, a number of temis and phrases are 
defined below: 

As used herein the temi "disease" refers to a deviation from the condition regarded as 
nonnal or average for members of a species, and which is detrimental to an affected individual 
10 under conditions that are not inimical to the majority of individuals of that species {e.g., diarrhea, 
nausea, fever, pain, and inllammation etc). 

As used herein, the lemi "therapeutic agent," refers to compositions that decrease the 
symptoms of a disease in a host. Such agents may additionally comprise phamiaceutically 
acceptable compounds {e.g.. adjutants, excipients, stabilizers, diluents, and the like). In some 
15 embodiments, the therapeutic agents are administered in the form of topical emulsions, injectable 
compositions, ingestible solutions, and the like. When the route is topical, the form may be, for 
example, a spray {e.g., a nasal spray). 

The tenns "phamiaceutically acceptable" or "phamiacologically acceptable," as used 
herein, refer to compositions that do not substantially produce adverse allergic or immunological 
20 reactions when administered to a host {e.g., an animal or a human). As used herein, 

"phamiaceutically acceptable carrier" includes any and all solvents, dispersion media, coatings, 
wetting agents {e.g., sodium lauryl sulfate), isotonic and absorption delaying agents, 
disintrigrants {e.g., potato starch or sodium starch glycolate), and the like. 

As used herein, the tenn "systcmically active drugs" is used broadly to indicate a 
25 substance or composition that will produce a phamiacological response at a site remote from the 
point of application or entry into a subject. 

As used herein, the term "agonist" refers to a compound {e.g., a drug) that has 
affinity for the cellular receptor {e.g., OFQR) of another drug or natural substance {e.g., 
Orphanin FQ) and that produces a physiological effect. 
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As used herein, the term "antagonist" refers to a compound (e.g.. a drug) that binds to a 
cellular receptor (c\g.. OFQR) for a homione, neurotransmitter (e.g.. Orphanin FQ), or another 
drug blocking the action of that substance w ithout producing any physiologic effect itself 

The temi "gene" refers to a nucleic acid (e.g.. DNA) sequence that comprises coding 
sequences necessary for the production of a polypeptide or precursor (e.g., OFQR). The 
polypeptide can be encoded by a full length coding sequence or by any portion of the coding 
sequence so long as the desired activity or functional properties (e.g., ligand binding, signal 
transduction, etc.) of the full-length or fragment are retained. The term also encompasses the 
coding region of a structural gene and the including sequences located adjacent to the coding 
region on both the 5' and 3' ends for a distance of about 1 kb on either end such that the gene 
corresponds to the length of the full-length mRNA. The sequences that are located 5' of the 
coding region and which are present on the mRNA are referred to as 5' untranslated sequences. 
The sequences that are located 3' or downstream of the coding region and that are present on the 
mRNA are referred to as 3' untranslated sequences. The temi "gene" encompasses both cDNA 
and genomic forms of a gene. A genomic form or clone of a gene contains the coding region 
interrupted with non-coding sequences termed "introns" or "intervening regions" or "interv^ening 
sequences." Introns are segments of a gene that are transcribed into nuclear RNA (hnRNA); 
introns may contain regulatory elements such as enhancers. Introns are removed or "spliced out" 
from the nuclear or primary transcript; introns therefore are absent in the messenger RNA 
(mRNA) transcript. The mRNA functions during translation to specify the sequence or order of 
amino acids in a nascent polypeptide. 

In particular, the term "OFQR gene" refers to the full-length OFQR nucleotide sequence 
(e.g.. contained in SEQ ID N0:9). Furthemiore, the temis "OFQR nucleotide sequence" or 
"OFQR polynucleotide sequence" encompasses DNA, cDNA, and RNA (e.g., mRNA) 
sequences. It is also intended that the temi encompass splice variants of OFQR (e.g., including 
but not limited to SEQ ID NOs: 10, 12, 14, 16, 18, 19, 20, and 21). 

As used herein, the temi "OFQR polypeptide" refers to polypeptides encoded by an 
OFQR gene. The temi is intended to encompass variants of OFQR (e.g.. splice variants of SEQ 
ID NOs: 11, 13, 15, 17, and 23) as well as mutants, homologs, and orthologs thereof 
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As used herein, the terms "interact," "interaction," and "level of interaction" refer to a 
physical interaction (e.g.. binding) between a polypeptide (e.g.. an OFQR polypeptide) and a 
molecule (e.g., a ligand or a test compound). The level of interaction can be detemiined, for 
example, by using one of the binding assays described in Section IV below. 
5 As used herein, the term "capable of binding" as in "capable of binding to orphanin FQ" 

refers to a polypeptide (e.g.. an OFQR polypeptide) that is able to bind to a molecule (e.g.. a 
ligand including but not limited to, orphanin FQ). Binding can be measured using any suitable 
assay, including but not limited to, those disclosed herein (See e.g.. Section IV below). 

As used herein the tenn "OFQR signaling activity" refers to one of the signaling activities 

10 mediated by the binding of orphanin FQ to OFQR (e.g., including but not limited to, one of the 
activities disclosed herein). Signaling can be measured using any suitable assay, including but 
not limited to, the reporter gene assay described in Section IV below. As used herein, the temi 
"altering OFQR signaling activity" as in "the ability of a test compound to alter OFQR signaling 
activity" refers to an altered iex el of signaling (e.g.. higher or lower) relative to the level of 

15 signaling in the absence of a test compound. 

Where amino acid sequence is recited herein to refer to an amino acid sequence of a 
naturally occurring protein molecule, amino acid sequence and like temis, such as polypeptide or 
protein arc not meant to limit the amino acid sequence to the complete, native amino acid 
sequence associated with the recited protein molecule. 

20 In addition to containing introns, genomic fomis of a gene may also include sequences 

located on both the 5' and 3' end of the sequences that are present on the RNA transcript. These 
sequences are referred to as "flanking" sequences or regions (these flanking sequences arc 
located 5' or 3* to the non-translated sequences present on the mRNA transcript). The 5' flanking 
region may contain regulatory sequences such as promoters and enhancers that control or 

25 influence the transcription of the gene. The 3' flanking region may contain sequences that direct 
the temiination of transcription, post-transcriptional cleavage and polyadenylation. 

The temi "wild-type" refers to a gene or gene product that has the characteristics of that 
gene or gene product when isolated from a naturally occurring source. A wild-type gene is that 
which is most frequently observed in a population and is thus arbitrarily designed the "nomial" 

30 or "wild-type" fomi of the gene. In contrast, the temis "modified", "mutant", and "variant" refer 
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to a gene or gene product thai displays modifications in sequence and or functional properties 
(i.e.. altered characteristics) when compared to the wild-type gene or gene product. It is noted 
that naturally-occurring mutants can be isolated; these are identified by the fact that they have 
altered characteristics when compared to the wild-type gene or gene product, 
5 As used herein, the terms "nucleic acid molecule encoding," "DNA sequence encoding," 

and "DNA encoding" refer to the order or sequence of deoxyribonucleotides along a strand of 
deoxyribonucleic acid. The order of these deoxyribonucleotides determines the order of amino 
acids along the polypeptide (protein) chain. The DNA sequence thus codes for the amino acid 
sequence. 

10 DNA molecules are said to have "5' ends" and "3' ends" because mononucleotides arc 

reacted to make oligonucleotides or polynucleotides in a manner such that the 5' phosphate of 
one mononucleotide pentose ring is attached to the 3' oxygen of its neighbor in one direction via 
a phosphodiester linkage. Therefore, an end of an oligonucleotides or polynucleotide, referred to 
as the "5' end" if its 5' phosphate is not linked to the 3' oxygen of a mononucleotide pentose ring 

1? and as the "3' end" if its 3' oxygen is not linked to a 5' phosphate of a subsequent mononucleotide 
pentose ring. As used herein, a nucleic acid sequence, even if internal to a larger oHgonucleotide 
or polynucleotide, also may be said to have 5' and 3' ends. In either a linear or circular DNA 
molecule, discrete elements are referred to as being "upstream" or 5' of the "downstream" or 3' 
elements. This temiinology reflects the fact that transcription proceeds in a 5' to 3' fashion along 

20 the DNA strand. The promoter and enhancer elements that direct transcription of a linked gene 
are generally located 5' or upstream of the coding region. However, enhancer elements can exert 
their effect even when located 3' of the promoter element and the coding region. Transcription 
tennination and polyadenylation signals are located 3* or downstream of the coding region. 

As used herein, the tenns "an oligonucleotide having a nucleotide sequence encoding a 

25 gene" and "polynucleotide having a nucleotide sequence encoding a gene," means a nucleic acid 
sequence comprising the coding region of a gene or, in other words, the nucleic acid sequence 
that encodes a gene product. The coding region may be present in either a cDNA, genomic 
DNA, or RNA fonn. When present in a DNA fomi. the oligonucleotide or polynucleotide may 
be single-stranded {i.e.. the sense strand) or double-stranded. Suitable control elements such as 

30 enhancers/promoters, splice junctions, polyadenylation signals, etc. may be placed in close 
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proximity to the coding region of the gene if needed to pemiil proper initiation of transcription 
and or correct processing of the primaiy RNA transcript. Ahematively, the coding region 
utihzed in the expression vectors of the present invention may contain endogenous 
enhancers promoters, sphce junctions, intencning sequences, polyadenylation signals, etc, or a 
5 combination of both endogenous and exogenous control elements. 

As used herein, the temi "regulatorv' element" refers to a genetic element that controls 
some aspect of the expression of nucleic acid sequences. For example, a promoter is a regulatory 
element that facilitates the initiation of transcription of an operably linked coding region. Other 
regulatory elements include splicing signals, polyadenylation signals, tennination signals, etc. 

10 As used herein, the temis "complementarv^" or "complementarity" are used in reference to 

polynucleotides (/.e.. a sequence of nucleotides) related by the base-pairing rules. For example, 
for the sequence "A-G-T," is complementary to the sequence 'T-C-A." Complementarity may be 
"partial," in which only some of the nucleic acids' bases are matched according to the base 
pairing rules. Or, there may be "complete" or "total" complementarity between the nucleic acids. 

15 The degree of complementarity between nucleic acid strands has significant effects on the 
efficiency and strength of hybridization between nucleic acid strands. This is of particular 
importance in amplification reactions, as well as detection methods that depend upon binding 
between nucleic acids. 

The temi "homology" refers to a degree of complementarity. There may be partial 

20 homology or complete homology {i.e., identity). A partially complementary sequence is one that 
at least partially inhibits a completely complementary sequence from hybridizing to a target 
nucleic acid and is referred to using the functional tcnn "substantially homologous." The term 
"inhibition of binding," when used in reference to nucleic acid binding, refers to inhibition of 
binding caused by competition of homologous sequences for binding to a target sequence. The 

25 inhibition of hybridization of the completely complementary sequence to the target sequence 
may be examined using a hybridization assay (Southem or Northern blot, solution hybridization 
and the like) under conditions of low stringency. A substantially homologous sequence or probe 
will compete for and inhibit the binding (i.e., the hybridization) of a completely homologous to a 
target under conditions of low stringency. This is not to say that conditions of low stringency are 

30 such that non-specific binding is permitted; low stringency conditions require that the binding of 



13 



two sequences to one another be a specific (i.e. selective) interaction. The absence of non- 
specific binding may be tested by the use of a second target that lacks even a partial degree of 
complementarily {e.g.. less than about 30% identity); in the absence of non-specific binding the 
probe will not hybridize to the second non-complementary target. 
5 The art knows w ell that numerous equivalent conditions may be employed to comprise 

low stringency conditions; factors such as the length and nature (DNA, RNA, base composition) 
of the probe and nature of the target (DNA, RNA, base composition, present in solution or 
immobilized, etc.) and the concentration of the salts and other components {e.g., the presence or 
absence of fomiamide, dextran sulfate, polyethylene glycol) are considered and the hybridization 

10 solution may be varied to generate conditions of low stringency hybridization different from, but 
equi\'alcnt to, the abo\ e listed conditions. In addition, the art knows conditions that promote 
hybridization under conditions of high stringency (e.g.. increasing the temperature of the 
hybridization and/or wash steps, the use of formamide in the hybridization solution, etc.). 

When used in reference to a double-stranded nucleic acid sequence such as a cDNA or 

15 genomic clone, the term "substantially homologous" refers to any probe that can hybridize to 
either or both strands of the double-stranded nucleic acid sequence under conditions of low 
stringency as described above. 

A gene may produce multiple RNA species that are generated by differential splicing of 
the primary RNA transcript. cDNAs that are splice variants of the same gene (e.g., the splice 

20 variants of OFQR represented by SEQ ID NOs: 10, 12, 14, 16, 18, 19, 20, and 21) will contain 
regions of sequence identity or complete homology (representing the presence of the same exon 
or portion of the same exon on both cDNAs) and regions of complete non-identity (for example, 
representing the presence of exon "A" on cDNA 1 wherein cDNA 2 contains exon "B" instead). 
Because the two cDNAs contain regions of sequence identity they w ill both hybridize to a probe 

25 derived from the entire gene or portions of the gene containing sequences found on both cDNAs; 
the two splice variants are therefore substantially homologous to such a probe and to each other. 

When used in reference to a single-stranded nucleic acid sequence, the lenn 
"substantially homologous" refers to any probe that can hybridize (i.e.. it is the complement oO 
the single-stranded nucleic acid sequence under conditions of low stringency as described above. 
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As used herein, the lemi "competes for binding" is used in reference to a first polypeptide 
with an acti\'ity which binds to the same substrate as does a second polypeptide with an activity, 
where the second polypeptide is a \ ariant of the first polypeptide or a related or dissimilar 
polypeptide. The efficiency {e.g.. kinetics or themiodynamics) of binding by the first 
5 polypeptide may be the same as or greater than or less than the efficiency substrate binding by 
the second polypeptide. For example, the equilibrium binding constant (Kn) for binding to the 
substrate may be different for the two polypeptides. The term "Km" as used herein refers to the 
Michaelis-Menlon constant for an enzyme and is defined as the concentration of the specific 
substrate at which a given enzyme yields one-half its maximum velocity in an enzyme catalyzed 
10 reaction. 

As used herein, the tcmi "hybridization" is used in reference to the pairing of 
complementary nucleic acids. Hybridization and the strength of hybridization (i.e.. the strength 
of the association between the nucleic acids) is impacted by such factors as the degree of 
complementary between the nucleic acids, stringency of the conditions involved, the T^-j of the 

15 formed hybrid, and the G:C ratio within the nucleic acids. 

As used herein, the term "T^^" is used in reference to the "melting temperature." The 

melting temperature is the temperature at which a population of double-stranded nucleic acid 
molecules becomes half dissociated into single strands. The equation for calculating the T^n of 
nucleic acids is well known in the art. As indicated by standard references, a simple estimate of 
20 the T^-, value may be calculated by the equation: T^-j = 81.5 + 0.41 (% G + C), when a nucleic 
acid is in aqueous solution at 1 M NaCl (See e.g., Anderson and Young, Quantitative Filter 
Hybridization, in Nucleic Acid Hyhridization [1985]). Other references include more 
sophisticated computations that take structural as well as sequence characteristics into account 
for the calculation of Tj^^. 

25 As used herein the term "stringency" is used in reference to the conditions of temperature, 

ionic strength, and the presence of other compounds such as organic solvents, under which 
nucleic acid hybridizations are conducted. Those skilled in the art will recognize that 
"stringency" conditions may be altered by varying the parameters just described either 
individually or in concert. With "high stringency" conditions, nucleic acid base pairing will 

30 occur only between nucleic acid fragments that ha\'e a high frequency of complementary base 
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sequences (e.g.. hybridization under "high stringency" conditions may occur between homologs 
with about 85-100% identity, preferably about 70-100% identity). With medium stringency 
conditions, nucleic acid base pairing will occur between nucleic acids with an intemiediate 
frequency of complementary base sequences (e.g., hybridization under ''medium stringency" 
s conditions may occur between homologs with about 50-70% identity). Thus, conditions of 

"weak" or "low" stringency are often required with nucleic acids that are derived from organisms 
that are genetically diverse, as the frequency of complementary^ sequences is usually less. 

"High stringency conditions" when used in reference to nucleic acid hybridization 
comprise conditions equivalent to binding or hybridization at 42 C in a solution consisting of 5X 
10 SSPE (43.8 g/1 NaCI, 6.9 g 1 NaH2P04 H2O and 1 .85 g/l EDTA, pH adjusted to 7.4 with 

NaOH), 0.5^0 SDS, 5X Denhardt's reagent and 100 |ig/ml denatured salmon sperm DNA 
followed by washing in a solution comprising O.IX SSPE, 1 .0% SDS at 42 C when a probe of 
about 500 nucleotides in length is employed. 

"Medium stringency conditions" when used in reference to nucleic acid hybridization 
15 comprise conditions equivalent to binding or hybridization at 42 C in a solution consisting of 5X 
SSPE (43.8 g/l NaCl 6.9 g/l NaH2P04 H2O and 1 .85 g/l EDTA, pH adjusted to 7.4 with 

NaOH), 0.5^0 SDS, 5X Denhardt's reagent and 100 |ig/ml denatured salmon sperm DNA 
followed by washing in a solution comprising 1 .OX SSPE, 1 .0% SDS at 42 C w^hen a probe of 
about 500 nucleotides in length is employed. 
20 "Low stringency conditions" comprise conditions equivalent to binding or hybridization 

at 42 C in a solution consisting of 5X SSPE (43.8 g/l NaCl, 6.9 g/l NaH2P04 H2O and 1.85 g/l 

EDTA, pH adjusted to 7.4 with NaOH), 0.1% SDS, 5X Denhardt's reagent [50X Denhardt's 
contains per 500 ml: 5 g Ficoll (Type 400, Pharamcia), 5 g BSA (Fraction V; Sigma)] and 100 
g/ml denatured salmon spenn DNA followed by washing in a solution comprising 5X SSPE, 

25 0.1% SDS at 42 C when a probe of about 500 nucleotides in length is employed. 

The following terms are used to describe the sequence relationships between two or more 
polynucleotides: "reference sequence," "sequence identity," "percentage of sequence identity," 
and "substantial identity." A "reference sequence" is a defined sequence used as a basis for a 
sequence comparison; a reference sequence may be a subset of a larger sequence, for example, as 

30 a segment of a full-length cDNA sequence given in a sequence listing or may comprise a 
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complete gene sequence. Generally, a reference sequence is al least 20 nucleotides in length, 
frequently at least 25 nucleotides in length, and often at least 50 nucleotides in length. Since two 
polynucleotides may each ( 1 ) comprise a sequence (i.e.. a portion of the complete polynucleotide 
sequence) that is similar between the two polynucleotides, and (2) may further comprise a 
5 sequence that is divergent between the two polynucleotides, sequence comparisons between two 
(or more) polynucleotides are typically perfomied by comparing sequences of the two 
polynucleotides over a "comparison window " to identify and compare local regions of sequence 
similarity. A "comparison window," as used herein, refers to a conceptual segment of at least 20 
contiguous nucleotide positions w herein a polynucleotide sequence may be compared to a 

10 reference sequence of at least 20 contiguous nucleotides and wherein the portion of the 

polynucleotide sequence in the comparison window may comprise additions or deletions (i.e., 
gaps) of 20 percent or less as compared to the reference sequence (which does not comprise 
additions or deletions) for optimal alignment of the two sequences. Optimal alignment of 
sequences for aligning a comparison window may be conducted by the local homology algorithm 

15 of Smith and Watemian [Smith and Watemian, Adv. AppL Math. 2: 482 (1981 )] by the 

homology alignment algorithm of Needleman and Wunsch [Needleman and Wunsch, J. Mol. 
Biol. 48:443 (1970)], by the search for similarity method of Pearson and Lipman [Pearson and 
Lipman, Proc. Natl. Acad. Sci. (U.S.A.) 85:2444 (1988)], by computerized implementations of 
these algorithms (GAP, BESTFIT, FASTA, and TFASTA in the Wisconsin Genetics Software 

20 Package Release 7.0, Genetics Computer Group, 575 Science Dr., Madison, Wis.), or by 

inspection, and the best alignment {i.e., resulting in the highest percentage of homology over the 
comparison window) generated by the various methods is selected. The term "sequence identity" 
means that two polynucleotide sequences are identical {i.e., on a nucleotide-by-nucleotide basis) 
over the window of comparison. The temi "percentage of sequence identity" is calculated by 

25 comparing two optimally aligned sequences o\ er the window of comparison, detemiining the 
number of positions at which the identical nucleic acid base (e.g.., A, T, C, G, U, or I) occurs in 
both sequences to yield the number of matched positions, dividing the number of matched 
positions by the total number of positions in the window of comparison {i.e., the window size), 
and multiplying the result by 100 to yield the percentage of sequence identity. 
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As applied to polynucleotides, the temi "substantial identity" denotes a characteristic of a 
polynucleolidc sequence, w herein the polynucleotide comprises a sequence that has at least 85 
percent sequence identity, preferably at least 90 to 95 percent sequence identity, more usually at 
least 99 percent sequence identity as compared to a reference sequence over a comparison 
5 window of at least 20 nucleotide positions, frequently over a window of at least 25-50 
nucleotides, wherein the percentage of sequence identity is calculated by comparing the 
reference sequence to the polynucleotide sequence which may include deletions or additions 
which total 20 percent or less of the reference sequence over the window of comparison. The 
reference sequence may be a subset of a larger sequence, for example, as a splice \ ariant of the 

10 full-length sequences of the compositions claimed in the present in\ention (e.g.. OFQR). 

As applied to polypeptides, the temi "substantial identity" means that two peptide 
sequences, when optimally aligned, such as by the programs GAP or BESTFIT using default gap 
weights, share at least 80 percent sequence identity, preferably at least 90 percent sequence 
identity, more preferably at least 95 percent sequence identity or more (e.g., 99 percent sequence 

15 identity). Preferably, residue positions that are not identical differ by conser\^ative amino acid 
substitutions. Conserv^ative amino acid substitutions refer to the interchangeability of residues 
having similar side chains. For example, a group of amino acids having aliphatic side chains is 
glycine, alanine, valine, leucine, and isoleucine; a group of amino acids having aliphatic- 
hydroxyl side chains is serine and threonine; a group of amino acids having amide-containing 

20 side chains is asparagine and glutamine; a group of amino acids having aromatic side chains is 
phenylalanine, tyrosine, and tryptophan; a group of amino acids having basic side chains is 
lysine, arginine, and histidine; and a group of amino acids having sulfur-containing side chains is 
cysteine and methionine. Preferred conser\'ative amino acids substitution groups are: valine- 
leucine-isoleucine, phenylalanine-tyrosine, lysine-arginine, alanine-valine, and asparagine- 

25 glutamine. 

"Amplification" is a special case of nucleic acid replication involving template 
specificity. It is to be contrasted with non-specific template replication (ix\, replication that is 
template-dependent but not dependent on a specific template). Template specificity is here 
distinguished from fidelity of replication (i.e., synthesis of the proper polynucleotide sequence) 
30 and nucleotide (ribo- or deoxyribo-) specificity. Template specificity is frequently described in 
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icmis of "target" specificity. Target sequences are "targets" in the sense that they are sought to 
be sorted out from other nucleic acid. AmpHfication techniques have been designed primarily 
for this sorting out. 

Template specificity is achieved in most amplification techniques by the choice of 
5 enzyme. Amplification enzymes are enzymes that, under conditions they are used, will process 
only specific sequences of nucleic acid in a heterogeneous mixture of nucleic acid. For example, 
in the case of Q replicase, MDV-1 RNA is the specific template for the replicase (D.L. Kacian et 
ai, Proc. Natl. Acad. Sci. USA 69:3038 [1972]). Other nucleic acid will not be replicated by this 
amplification enzyme. Similarly, in the case of T7 RNA polymerase, this amplification cn/yme 

10 has a stringent specificity for its own promoters (M. Chamberlin ct ai, Nature 228:227 [1970]). 
In the case of T4 DNA ligase, the enzyme will not ligate the two oligonucleotides or 
polynucleotides, where there is a mismatch between the oligonucleotide or polynucleotide 
substrate and the template at the ligation junction (D.Y. Wu and R. B. Wallace, Genomics 4:560 
[1989]). Finally, Taq and Pfu polymerases, by virtue of their ability to function at high 

15 temperature, are found to display high specificity for the sequences bounded and thus defined by 
the primers; the high temperature results in themodynamic conditions that favor primer 
hybridization with the target sequences and not hybridization wqth non-target sequences (H.A. 
Erlich (ed.), PCR Technolog}\ Stockton Press [1989]). 

As used herein, the term "amplifiable nucleic acid" is used in reference to nucleic acids 

20 that may be amplified by any amplification method. It is contemplated that "amplifiable nucleic 
acid" will usually comprise "sample template." 

As used herein, the term "sample template" refers to nucleic acid originating from a 
sample that is analyzed for the presence of "target" (defined below). In contrast, "background 
template" is used in reference to nucleic acid other than sample template that may or may not be 

25 present in a sample. Background template is most often inadvertent. It may be the result of 
carryover, or it may be due to the presence of nucleic acid contaminants sought to be purified 
away from the sample. For example, nucleic acids from organisms other than those to be 
detected may be present as background in a test sample. 

As used herein, the temi "primer" refers to an oligonucleotide, whether occurring 

30 naturally as in a purified restriction digest or produced synthetically, which is capable of acting 
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as a point of initiation of synthesis when placed under conditions in which synthesis of a primer 
extension product which is complementary to a nucleic acid strand is induced, [i.e., in the 
presence of nucleotides and an inducing agent such as DNA polymerase and at a suitable 
temperature and pH). The primer is preferably single stranded for maximum efficiency in 
amplification, but may altenialively be double stranded. If double stranded, the primer is first 
treated to separate its strands before being used to prepare extension products. Preferably, the 
primer is an oligodeoxyribonucleotide. The primer must be sufficiently long to prime the 
synthesis of extension products in the presence of the inducing agent. The exact lengths of the 
primers will depend on many factors, including temperature, source of primer and the use of the 
method. 

As used herein, the term "probe" refers to an oligonucleotide {i.e., a sequence of 
nucleotides), whether occurring naturally as in a purified restriction digest or produced 
synthetically, recombinantly or by PCR amplification, that is capable of hybridizing to another 
oligonucleotide of interest. A probe may be single-stranded or double-stranded. Probes are 
useful in the detection, identification and isolation of particular gene sequences. It is 
contemplated that any probe used in the present invention will be labeled with any "reporter 
molecule," so that is detectable in any detection system, including, but not limited to enzyme 
{e.g., ELISA, as well as enzyme-based histochemical assays), fluorescent, radioactive, and 
luminescent systems. It is not intended that the present invention be limited to any particular 
detection system or label. 

As used herein, the term "target," when used in reference to the polymerase chain 
reaction, refers to the region of nucleic acid bounded by the primers used for polymerase chain 
reaction. Thus, the "target" is sought to be sorted out from other nucleic acid sequences, A 
"segment" is defined as a region of nucleic acid within the target sequence. 

As used herein, the term "polymerase chain reaction" ("PCR") refers to the method of 
K.B. Mullis {See e.g., U.S. Patent Nos. 4,683,195, 4,683,202, and 4,965,188, hereby 
incorporated by reference), which describe a method for increasing the concentration of a 
segment of a target sequence in a mixture of genomic DNA w^ithout cloning or purification. This 
process for amplifying the target sequence consists of introducing a large excess of two 
oligonucleotide primers to the DNA mixture containing the desired target sequence, followed by 
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a precise sequence of themial cycling in the presence of a DNA polymerase. The two primers 
are complementar\' to their respectix e strands of the double stranded target sequence. To effect 
amplification, the mixture is denatured and the primers then annealed to their complementary 
sequences within the target molecule. Following annealing, the primers arc extended w ith a 
5 polymerase so as to fomi a new pair of complementary strands. The steps of denaturation, 
primer annealing, and polymerase extension can be repealed many times (/".c\, denaturalion, 
annealing and extension constitute one "cycle'*; there can be numerous "cycles") to obtain a high 
concentration of an ampUfied segment of the desired target sequence. The length of the 
amplified segment of the desired target sequence is determined by the relative positions of the 
10 primers with respect to each other, and therefore, this length is a controllable parameter. By 
virtue of the repeating aspect of the process, the method is referred to as the "polymerase chain 
reaction" (hereinafter "PCR"). Because the desired amplified segments of the target sequence 
become the predominant sequences (in tenns of concentration) in the mixture, they are said to be 
"PCR amplified." 

15 With PCR, it is possible to amplify a single copy of a specific target sequence in genomic 

DNA to a level detectable by several different methodologies (e.g., hybridization with a labeled 
probe; incorporation of biotinylated primers followed by avidin-enzyme conjugate detection; 

incorporation of 32p_iabeled deoxynuclcotide triphosphates, such as dCTP or dATP, into the 

amplified segment). In addition to genomic DNA, any oligonucleotide or polynucleotide 
20 sequence can be amplified with the appropriate set of primer molecules. In particular, the 

amplified segments created by the PCR process itself are, themselves, efficient templates for 

subsequent PCR amplifications. 

As used herein, the temis "PCR product," "PCR fragment," and "amplification product" 

refer to the resultant mixture of compounds after two or more cycles of the PCR steps of 
25 denaturation, annealing and extension are complete. These terms encompass the case where 

there has been amplification of one or more segments of one or more target sequences. 
As used herein, the temi "amplification reagents" refers to those reagents 

(deoxyribonucleotide triphosphates, buffer, etc.), needed for amplification except for primers, 

nucleic acid template, and the amplification enzyme. Typically, amplification reagents along 
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with other reaction components are placed and contained in a reaction vessel (lest tube, 
microwell etc.). 

As used herein, the temi "recombinant DNA molecule" as used herein refers to a DNA 
molecule that is comprised of segments of DNA joined together by means of molecular 
5 biological techniques. 

As used herein, the tenn "antisense" is used in reference to RNA sequences that are 
complementary to a specific RNA sequence {e.g., mRNA). The term "antisense strand" is used 
in reference to a nucleic acid strand that is complementary to the "sense" strand. The designation 
(-) {ix\^ "negative") is sometimes used in reference to the antisense strand, with the designation 

10 (+) sometimes used in reference to the sense (i.e.. "positive") strand. 

The term "isolated" when used in relation to a nucleic acid, as in "an isolated 
oligonucleotide" or "isolated polynucleotide" refers to a nucleic acid sequence that is identified 
and separated from at least one contaminant nucleic acid with which it is ordinarily associated in 
its natural source. Isolated nucleic acid is present in a form or setting that is different from that 

1? in which it is found in nature. In contrast, non-isolated nucleic acids are nucleic acids such as 
DNA and RNA found in the state they exist in nature. For example, a given DNA sequence 
{e.g., a gene) is found on the host cell chromosome in proximity to neighboring genes; RNA 
sequences, such as a specific niRNA sequence encoding a specific protein, are found in the cell 
as a mixture with numerous other mRNAs that encode a multitude of proteins. However, 

20 isolated nucleic acids encoding OFQR include, by way of example, such nucleic acid in cells 
ordinarily expressing OFQR where the nucleic acid is in a chromosomal location different from 
that of natural cells, or is otherwise flanked by a different nucleic acid sequence than that found 
in nature. The isolated nucleic acid, oligonucleotide, or polynucleotide may be present in single- 
stranded or double-stranded fomi. When an isolated nucleic acid, oligonucleotide or 

25 polynucleotide is to be utilized to express a protein, the oligonucleotide or polynucleotide will 
contain at a minimum the sense or coding strand {i.e.. the oligonucleotide or polynucleotide may 
single-stranded), but may contain both the sense and anti-sense strands {i.e., the oligonucleotide 
or polynucleotide may be double-stranded). 

As used herein the term "portion" when in reference to a nucleotide sequence (as in "a 

30 portion of a given nucleotide sequence") refers to fragments of that sequence. The fragments 
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may range in size from four nucleotides to the entire nucleotide sequence minus one nucleotide 
(10 nucleotides, 20. 30, 40, 50, 100, 200, etc.). 

As used herein the temi "coding region" w hen used in reference to structural gene refers 
to the nucleotide sequences that encode the amino acids found in the nascent polypeptide as a 
5 result of translation of a mRNA molecule. The coding region is bounded, in eukaryotes, on the 
5' side by the nucleotide triplet "ATG" that encodes the initiator methionine and on the 3' side by 
one of the three triplets that specify stop codons {i.e.. TAA, TAG, TGA), 

As used herein, the term "purified" or "to purify" refers to the removal of contaminants 
from a sample. For example, OFQR antibodies are purified by removal of contaminating non- 

10 immunoglobulin proteins; they are also purified by the removal of immunoglobulin that does not 
bind OFQR or specific splice variants of OFQR. The removal of non-immunoglobulin proteins 
and/or the removal of immunoglobulins that do not bind OFQR or splice variants thereof results 
in an increase in the percent of OFQR-reactive immunoglobulins in the sample. 

The lenn "recombinant protein" or "recombinant polypeptide" as used herein refers to a 

15 protein molecule that is expressed from a recombinant DNA molecule. 

The term "native protein" as used herein to indicate that a protein does not contain amino 
acid residues encoded by vector sequences; that is the native protein contains only those amino 
acids found in the protein as it occurs in nature. A native protein may be produced by 
recombinant means or may be isolated from a naturally occurring source. 

20 As used herein the lemi "portion" when in reference to a protein (as in "a portion of a 

given protein") refers to fragments of that protein. The fragments may range in size from four 
consecutive amino acid residues to the entire amino acid sequence minus one amino acid. 

The temi "Southern blot," refers to the analysis of DNA on agarose or acrylamide gels to 
fractionate the DNA according to size followed by transfer of the DNA from the gel to a solid 

25 support, such as nitrocellulose or a nylon membrane. The immobilized DNA is then probed with 
a labeled probe to detect DNA species complementary to the probe used. The DNA may be 
cleaved with restriction enzymes prior to electrophoresis. Following electrophoresis, the DNA 
may be partially depurinated and denatured prior to or during transfer to the solid support. 
Southeni blots are a standard tool of molecular biologists (J. Sambrook et al.. Molecular 

30 Cloning: A Lahoraioiy ManmiL Cold Spring Harbor Press, NY, pp 9.31-9.58 [1989]). 




The tenn "Western blot" refers to the analysis of protein(s) (or polypeptides) immobilized 
onto a support such as nitrocellulose or a membrane. The proteins are run on acr\ lamide gels to 
separate the proteins, followed by transfer of the protein from the gel to a solid support, such as 
nitrocellulose or a nylon membrane. The immobilized proteins are then exposed to antibodies 

5 with reactivity against an antigen of interest. The binding of the antibodies may be detected by 
various methods, including the use of labeled antibodies. 

The term "antigenic detemiinanl" as used herein refers to that portion of an antigen that 
makes contact with a particular antibody (i.e., an epitope). When a protein or fragment of a 
protein is used to immunize a host animal, numerous regions of the protein may induce the 

10 production of antibodies that bind specifically to a given region or three-dimensional structure on 
the protein; these regions or structures are referred to as antigenic determinants. An antigenic 
detemiinanl may compete with the intact antigen (i.e., the "immunogen" used to elicit the 
immune response) for binding to an antibody. 

The temi "transgenc" as used herein refers to a foreign gene that is placed into an 

15 organism by introducing the foreign gene into newly fertilized eggs or early embryos. The lemi 
"foreign gene" refers to any nucleic acid (e.g.. gene sequence) that is introduced into the genome 
of an animal by experimental manipulations and may include gene sequences found in that 
animal so long as the introduced gene does not reside in the same location as does the naturally- 
occurring gene. 

20 As used herein, the term "vector" is used in reference to nucleic acid molecules that 

transfer DNA segnient(s) from one cell to another. The term "vehicle" is sometimes used 
interchangeably with "vector." 

The temi "expression vector" as used herein refers to a recombinant DNA molecule 
containing a desired coding sequence and appropriate nucleic acid sequences necessary for the 

25 expression of the operably linked coding sequence in a particular host organism. Nucleic acid 
sequences necessary for expression in prokaryotes usually include a promoter, an operator 
(optional), and a ribosome binding site, often along w ith other sequences. Eukaryolic cells arc 
known to utilize promoters, enhancers, and temiination and polyadenylation signals. 

As used herein, the temi host cell refers to any eukary^olic or prokaryotic cell (e.g., 

30 bacterial cells such as E. eoli. yeast cells, mammalian cells, avian cells, amphibian cells, plant 
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cells, fish cells, and insect cells), whether located in vitro or /// vivo. For example, host cells may 
be located in a transgenic animal. 

The temis "overexpression" and "overcxpressing" and grammatical equivalents, are used 
in reference to levels of niRNA to indicate a level of expression approximately 3-fold higher 
5 than that typically obser\ ed in a given tissue in a control or non-lransgenic animal. Le\els of 
mRNA are measured using any of a number of techniques known to those skilled in the art 
including, but not limited to Northern blot analysis. Appropriate controls are included on the 
Northern blot to control for differences in the amount of RNA loaded from each tissue analyzed 
(e.g., the amount of 28S rRNA, an abundant RNA transcript present at essentially the same 

10 amount in all tissues, present in each sample can be used as a means of nomializing or 

standardizing the RAD50 mRNA-specific signal observed on Northern blots). The amount of 
mRNA present in the band corresponding in size to the RNA of interest (e.g., OFQR splice 
variants) is quantified; other minor species of RNA that hybridize to the probe are not considered 
in the quantification of the expression of the transgenic mRNA. 

15 The term "transfection" as used herein refers to the introduction of foreign DNA into 

eukaryotic cells. Transfection may be accomplished by a variety of means known to the art 
including calcium phosphate-DNA co-precipitation, DEAE-dextran-mediated transfection, 
polybrene-mediated transfection, elcctroporation, microinjection, liposome fusion, lipofection, 
protoplast fusion, retroviral infection, and biolistics. 

20 The term "stable transfection" or "stably transfected" refers to the introduction and 

integration of foreign DNA into the genome of the transfected cell. The term "stable 
transfectant" refers to a cell that has stably integrated foreign DNA into the genomic DNA. 

The term "transient transfection" or "transiently transfected" refers to the introduction of 
foreign DNA into a cell where the foreign DNA fails to integrate into the genome of the 

25 transfected cell. The foreign DNA persists in the nucleus of the transfected cell for several days. 
During this time the foreign DNA is subject to the regulatory controls that govem the expression 
of endogenous genes in the chromosomes. The temi "transient transfectant" refers to cells that 
have taken up foreign DNA but have failed to integrate this DNA. 

The temi "calcium phosphate co-precipitation" refers to a technique for the introduction 

30 of nucleic acids into a cell. The uptake of nucleic acids by cells is enhanced when the nucleic 
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acid is presented as a calcium phosphate-nucleic acid co-precipitate. The original technique of 

Graham and van der Eb (Graham and van der Eb, Virol., 52:456 [1973]), has been modified by 
several groups to optimize conditions for particular types of cells. The art is well aware of these 
numerous modifications. 

5 The temi "test compound" refers to any chemical entity, phamiaceutical, drug, and the 

like that are tested in an assay (e.g.. a drug screening assay) for any desired activity {e.g.. 
including but not limited to, the ability to treat or prevent a disease, illness, sickness, or disorder 
of bodily function, or otherwise alter the physiological or cellular status of a sample). Test 
compounds comprise both known and potential therapeutic compounds. A test compound can be 

10 determined to be therapeutic by screening using the screening methods of the present invention. 
A "known therapeutic compound" refers to a therapeutic compound that has been shown (e.g.. 
through animal trials or prior experience with administration to humans) to be effective in such 
treatment or prevention. 

The term "sample" as used herein is used in its broadest sense. A sample suspected of 

15 containing a human chromosome or sequences associated with a human chromosome may 

comprise a cell, chromosomes isolated from a cell (e.g.. a spread of metaphase chromosomes), 
genomic DNA (in solution or bound to a solid support such as for Southern blot analysis), RNA 
(in solution or bound to a solid support such as for Northern blot analysis), cDNA (in solution or 
bound to a solid support) and the like. A sample suspected of containing a protein may comprise 

20 a cell, a portion of a tissue, an extract containing one or more proteins and the like. 

As used herein, the term "response," when used in reference to an assay, refers to the 
generation of a detectable signal (e.g., accumulation of reporter protein, increase in ion 
concentration, accumulation of a detectable chemical product). 

As used herein, the term "reporter gene" refers to a gene encoding a protein that may be 

25 assayed. Examples of reporter genes include, but are not limited to, luciferase (See, e.g., deWet 
etai. Mol. Cell. Biol. 7:725 [1987] and U.S. Pat Nos.,6,074,859; 5,976,796; 5,674,713; and 
5,618,682; all of which arc incorporated herein by reference), green fluorescent protein (e.g., 
GenBank Accession Number U43284; a number of GFP variants arc commercially available 
from CLONTECH Laboratories, Palo Alto, CA), chloramphenicol acetyltransferase, - 

30 galactosidase, alkaline phosphatase, and horse radish peroxidase. 
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As used herein, the temi "purified" refers to molecules, either nucleic or amino acid 
sequences, which arc rcmo\ ed from their natural environment, isolated or separated. An 
"isolated nucleic acid sequence" is therefore a purified nucleic acid sequence. "Substantially 
purified" molecules are at least 60% free, preferably at least 75% free, and more preferably at 
5 least 90% free from other components with w hich they are naturally associated, 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention provides OFQR nucleic acids. In some embodiments, the present 
invention provides nucleic acids (e.g., niRNA) encoding novel splice variants of OFQR. In some 
10 embodiments, the present invention prov ides methods of utilizing the splice \'ariants for the 
development of specific receptor agonists and antagonists. In still further embodiments, the 
present invention provides transgenic animals useful as animal models of disease states involving 
altered OFQR receptors as well as providing system for the study of complex neurological 
responses. 

15 

I. OFQR Nucleic Acids 

In some embodiments, the present invention comprises OFQR nucleic acids. The present 
invention is not limited to any one particular OFQR nucleic acid. In some embodiments, the 
present invention comprises genomic (e.g., DNA sequences) encoding an OFQR. In other 
20 embodiments, the present invention comprises expressed {e.g., mRNA) sequences encoding 
spliced OFQR encoding sequences. In still further embodiments, the present invention 
comprises mutants, variants, homologs, and orthologs of the disclosed sequences. 

A. Isolation and Characterization of Rat OFQR 

25 In some embodiments, the present invention pro\'ides rat OFQR nucleic acid sequences. 

For example, the present invention provides the rat OFQR nucleic acid sequence of SEQ ID 
N0:9. Examples 1 and 2 describe the isolation and characterization of the rat OFQR gene. The 
rat OFQR gene exceeds 10 kb in length and contains six exons that are interrupted by five 
introns (Figure 2). Two major transcription initiation sites were identified: one in the 5' flanking 

30 region and the other in intron 1 . 
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In other embodiments, the present invention provides niRNA sphce variants of the rat 
OFQR gene (e.g., SEQ ID NOs: 10.12,14,16,18,19.20, and 21). Primer extension analysis was 
used to identify splice variants of the OFQR gene (See Examples 2 and 3). The OFQR gene was 
found to be alternatively spliced to yield multiple RNAs. Splice \ ariants were PCR cloned and 
5 sequenced (Example 3). The sequencing results revealed that rat OFQR expressed at least nine 
splice variants deleted for exon 1, or exons 3 to 5 (See Figure 5C). 

As described above, the varying effects of Orphanin FQ in different tissues suggested that 
multiple OFQR subtypes existed in different tissues. Example 4 describes the detection of 
differential tissue expression of the splice variants. As shown in Fig. 5A, PCR products of 

10 OFQR \ ariants were not detected in liver, kidney, heart, lung, spleen, or skeletal muscle. Two 
forms were expressed in testes. These fomis, in addition to one additional variant, w ere 
expressed in pylorus, ileum, and proximal colon. Both fomis, OFQR-b and -c (or -d) were 
expressed in brain and antrum. OFQR-c (or -d) was expressed in esophagus, fundus, corpus, 
duodenum, jejunum, and descending colon. As shown in Fig. 5B, the OFQR-c' or -d' splice 

15 variants w^ere expressed only in brain. These data suggest that unique regions in the 5 ' flanking 
region and in intron 1 of the OFQR gene contribute to the regulation of its expression in different 
tissues. 

B. Variants of OFQR 

20 In other embodiments of the present invention, variants of the disclosed OFQR sequences 

are provided. In preferred embodiments, variants result from mutation, (/>., a change in the 
nucleic acid sequence) and generally produce altered mRNAs or polypeptides whose structure or 
function may or may not be altered. Any given gene may have none, one, or many variant 
fonns. Common mutational changes that give rise to variants arc generally ascribed to deletions, 

25 additions or substitutions of nucleic acids. Each of these types of changes may occur alone, or in 
combination with the others, and at the rate of one or more times in a given sequence. 

It is contemplated that it is possible to modify the structure of a polypeptide having a 
function {e.g.. OFQR) for such purposes as increasing of decreased binding affinity of the OFQR 
for a ligand (e.g.. Orphanin FQ). Such modified peptides are considered functional equivalents 

30 of peptides having an activity of OFQR as defined herein. A modified peptide can be produced 
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in which the nucleotide sequence encoding the polypeptide has been ahered, such as by 
substitution, deletion, or addition, hi other words, construct "X" can be evaluated in order to 
detemiine w hether it is a member of the genus of modified or x ariant OFQRs of the present 
in\ ention as defined functionally, rather than structurally. In preferred embodiments, the activity 
5 of \ariant or mutant OFQR (e.g., ligand binding) is evaluated by a previously described method 
(See e.g.. Meng et al.. Mol. Pharmacol. 53:772 [1998]; Wnendt et ciL. Mol. Phannacol. 56:334 
[1999]). Accordingly, in some embodiments, the present invention provides nucleic acids 
encoding an OFQR polypeptide thai binds Orphanin FQ. 

In some embodiments, OFQR nucleic acid sequences are modified to contain portion of 

10 the human OFQR cDNA sequence (Gen Bank Accession Number NM 000913.1 ; SEQ ID 

NO:22). In some embodiments, domains {e.g.. those corresponding to Exons 1, 2, 3, 4 5, or 6 of 
the rat nucleic acid) are substituted w ith the corresponding human domains. Suitable domains of 
the human nucleic acid can be identified by aligning nucleic acid sequences from various species 
in order to detennine the conserx ed regions or domains. Any suitable software may be used for 

15 sequence alignment, including but not limited to, those disclosed herein. 

Moreover, as described above, variant forms of OFQR are also contemplated as being 
equivalent to those peptides and DNA molecules that are set forth in more detail herein. For 
example, it is contemplated that isolated replacement of a leucine w ith an isoleucine or valine, an 
aspartate with a glutamate, a threonine with a serine, or a similar replacement of an amino acid 

20 with a structurally related amino acid {i.e.. consen ative mutations) will not have a major effect 
on the biological activity of the resulting molecule. Accordingly, some embodiments of the 
present invention provide variants of OFQR disclosed herein containing conservative 
replacements. Conservative replacements are those that take place within a family of amino 
acids that are related in their side chains. Genetically encoded amino acids can be divided into 

25 four families: (1 ) acidic (aspartate, glutamate); (2) basic (lysine, arginine, histidine); (3) nonpolar 
(alanine, valine, leucine, isoleucine, proline, phenylalanine, methionine, tryptophan); and (4) 
uncharged polar (glycine, asparagine, glutamine, cysteine, serine, threonine, tyrosine). 
Phenylalanine. tr\'ptophan, and tyrosine are sometimes classified jointly as aromatic amino acids. 
In similar fashion, the amino acid repertoire can be grouped as (1 ) acidic (aspartate, glutamate); 

30 (2) basic (lysine, arginine, histidine), (3) aliphatic (glycine, alanine, valine, leucine, isoleucine. 
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serine, threonine), with serine and threonine optionally be grouped separately as 
aliphatic-hydroxyl; (4) aromatic (phenylalanine, tyrosine, tr\ptophan); (5) amide (asparagine, 
glulamine); and (6) sulfur -containing (cysteine and methionine) (e.g., Stryer ed.. Biochemistry, 
pg. 17-21, 2nd ed, \VH Freeman and Co., 1981 ). Whether a change in the amino acid sequence 
5 of a peptide results in a functional homolog can be readily detemiined by assessing the ability of 
the variant peptide to function in a fashion similar to the wild-type protein. Peptides having 
more than one replacement can readily be tested in the same manner. 

More rarely, a variant includes "nonconser\'ative" changes (c.^., replacement of a glycine 
w ith a tr>'ptophan). Analogous minor variations can also include amino acid deletions or 

10 insertions, or both. Guidance in dclemiining which amino acid residues can be substituted, 

inserted, or deleted w ithout abolishing biological activity can be found using computer programs 
{e.g.. LASERGENE software, DNASTAR Inc., Madison, Wis.). 

As described in more detail below, \ ariants may be produced by methods such as 
directed evolution or other techniques for producing combinatorial libraries of variants, 

15 described in more detail below. In still other embodiments of the present invention, the 
nucleotide sequences of the present invention may be engineered in order to alter a OFQR 
coding sequence including, but not limited to, alterations that modify the cloning, processing, 
localization, secretion, and/or expression of the gene product. For example, mutations may be 
introduced using techniques that are well known in the art [e.g., site-directed mutagenesis to 

20 insert new restriction sites, alter glycosylation patterns, or change codon preference, etc.). 

II. OFQR Polypeptides 

In some embodiments, the present invention provides OFQR polynucleotide sequences 
that encode OFQR polypeptide sequences. OFQR polypeptides {e.g., SEQ ID NOs:l 1,13,15,17 

25 and 23) are described in Figures 2, 8, 10, 12, 14, and 20. Other embodiments of the present 
invention provide fragments, fusion proteins or functional equivalents of these OFQR proteins. 
In still other embodiment of the present invention, nucleic acid sequences corresponding to these 
\ arious OFQR homologs and mutants may be used to generate recombinant DNA molecules that 
direct the expression of the OFQR homologs and mutants in appropriate host cells. In some 

30 embodiments of the present invention, the polypeptide may be a naturally purified product, in 
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other embodiments it may be a product of chemical synthetic procedures, and in still other 
embodiments it may be produced b\' recombinant techniques using a prokar\'Otic or eukar>'Otic 
host cells {e.g.. by bacterial, yeast, higher plant, insect and mammalian cells in culture). In some 
embodiments, depending upon the host employed in a recombinant production procedure, the 
5 polypeptide of the present invention may be glycosylated or may be non-glycosylated, hi other 
embodiments, the polypeptides of the invention may also include an initial methionine amino 
acid residue. 

hi one embodiment of the present invention, due to the inherent degeneracy of the genetic 
code, DNA sequences other than the polynucleotide sequences of SEQ ID NOs: 9, 10, 12, 14, 16, 

10 18, 19, 20 and 21 which encode substantially the same or a functionally equivalent amino acid 
sequence, may be used to clone and express OFQR variants. In general, such polynucleotide 
sequences hybridize to SEQ ID NO: 9, 10, 12, 14, 16, 18, 19, 20 and 21 under conditions of high 
to medium stringency as described above. As will be understood by those of skill in the art, it 
may be advantageous to produce OFQR-encoding nucleotide sequences possessing non-naturally 

15 occurring codons. Therefore, in some preferred embodiments, codons preferred by a particular 
prokaryotic or eukaryotic host (Murray et al, Nucl. Acids Res., 17 [1989]) are selected, for 
example, to increase the rate of OFQR expression or to produce recombinant RNA transcripts 
having desirable properties, such as a longer half-life, than transcripts produced from naturally 
occurring sequences. 

20 

A. V^ectors for Production of OFQR 

The polynucleotides of the present invention may be employed for producing 
polypeptides by recombinant techniques. Thus, for example, the polynucleotide may be included 
in any one of a variety of expression vectors for expressing a polypeptide. In some embodiments 
25 of the present invention, vectors include, but are not limited to, chromosomal, nonchromosomal 
and synthetic DNA sequences {e.g.. derivatives of SV40, bacterial plasmids, phage DNA; 
baculovirus, yeast plasmids, vectors derived from combinations of plasmids and phage DNA, 
and viral DNA such as vaccinia, adenovirus, fowl pox virus, and pseudorabies). It is 
contemplated that any vector may be used as long as it is replicable and viable in the host. 
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In particular, some embodiments of the present invention provide recombinant constructs 
comprising one or more of the sequences as broadly described above (c\g.. SEQ ID NO: 9, 10, 
12, 14, 16, 18, 19, 20 and 21 ). In some embodiments of the present in\'ention, the constructs 
comprise a vector, such as a plasmid or viral vector, into which a sequence of the in\ ention has 
5 been inserted, in a forward or reverse orientation. In still other embodiments, the heterologous 
structural sequence SEQ ID NOs: 9, 10, 12, 14, 16, 18, 19, 20 and 21) is assembled in 
appropriate phase with translation initiation and temiination sequences. In preferred 
embodiments of the present invention, the appropriate DNA sequence is inserted into the \ ector 
using any of a variety of procedures. In general, the DNA sequence is inserted into an 

10 appropriate restriction endonuclease site(s) by procedures known in the art. 

Large numbers of suitable vectors are known to those of skill in the art, and are 
commercially available. Such vectors include, but are not limited to, the following vectors: 1 ) 
Bacterial - pQE70, pQE60, pQE-9 (Qiagen), pBS, pDlO, phagescript, psiX174, pbluescript SK, 
pBSKS, pNH8A, pNH16a, pNHlSA, pNH46A (Stratagene); ptrc99a, pKK223-3, pKK233-3, 

IS pDR540, pRIT5 (Pharmacia); and 2) Eukaryotic - pWLNEO, pSV2CAT, pOG44, PXTl , pSG 
(Stratagene) pSVK3, pBPV, pMSG, pSVL (Pharmacia). Any other plasmid or vector may be 
used as long as they are replicable and viable in the host. In some preferred embodiments of the 
present invention, mammalian expression vectors comprise an origin of replication, a suitable 
promoter and enhancer, and also any necessary ribosome binding sites, polyadenylation sites, 

20 splice donor and acceptor sites, transcriptional termination sequences, and 5' flanking 

non-transcribed sequences. In other embodiments, DNA sequences derived from the SV40 
splice, and polyadenylation sites may be used to provide the required non-transcribed genetic 
elements. 

In certain embodiments of the present invention, the DNA sequence in the expression 
25 vector is operatively linked to an appropriate expression control scquence(s) (promoter) to direct 
mRNA synthesis. Promoters useful in the present invention include, but arc not limited to, the 
LTR or SV40 promoter, the E. coli lac or trp^ the phage lambda Pl and Pr, T3 and T7 
promoters, and the cytomegalovirus (CMV) immediate early, herpes simplex virus (HSV) 
thymidine kinase, and mouse metallothionein-I promoters and other promoters known to control 
30 expression of gene in prokar>'otic or eukar>'otic cells or their viruses. In other embodiments of 




the present invention, recombinant expression \'ectors include origins of replication and 

selectable markers pemiitting transformation of the host cell (e.g.. dihydrofolate reductase or 
neomycin resistance for eukar\'otic cell culture, or tetracycHne or ampicilhn resistance in E. 
coli). 

5 In some embodiments of the present invention, transcription of the DNA encoding one of 

the polypeptides of the present invention by higher eukar>'0les is increased by inserting an 
enhancer sequence into the vector. Enhancers are m-acting elements of DNA, usually about 
from 10 to 300 bp that act on a promoter to increase its transcription. Enhancers useful in the 
present invention include, but are not limited to, the SV40 enhancer on the late side of the 
10 replication origin bp 100 to 270, a cytomegalovirus early promoter enhancer, the polyoma 
enhancer on the late side of the replication origin, and adenovirus enhancers. 

In other embodiments, the expression vector also contains a ribosome binding site for 
translation initiation and a transcription terminator. In still other embodiments of the present 
invention, the x ector may also include appropriate sequences for amplifying expression. 

15 

B. Host Cells for Production of OFQR 

In a further embodiment, the present invention provides host cells containing the 
above-described constructs. In some embodiments of the present invention, the host cell is a 
higher eukar>^otic cell {e.g., a mammalian or insect cell). In other embodiments of the present 

20 invention, the host cell is a lower eukaryotic cell (e.g., a yeast cell). In still other embodiments 
of the present invention, the host cell can be a prokaryotic cell {e.g., a bacterial cell). Specific 
examples of host cells include, but are not limited to, Escherichia coli. Salmonella typhimurium. 
Bacillus suhtilis, and various species within the genera Pseudomonas, Streptomyces, and 
Staphylococcus, as well as Saccharomycees cerivisiae, Schizosaccharomycees pomhe, 

25 Drosophila S2 cells, Spodoptera SfP cells, Chinese hamster ovary (CHO) cells, COS-7 lines of 
monkey kidney fibroblasts, (Gluzman, Cell 23:175 [1981]), C127, 3T3, 293, 293T, HeLa and 
BHKcell lines. 

The constructs in host cells can be used in a conventional manner to produce the gene 
product encoded by the recombinant sequence. In some embodiments, introduction of the 
30 construct into the host cell can be accomplished by calcium phosphate transfection. 
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DEAE-Dcxtran mediated transfeclion. or electroporation {See e.g.. Davis et uL, Basic Methods in 
Molecular Biologw [1986]). Alternatively, in some embodiments of the present invention, the 
polypeptides of the invention can be synthetically produced by conventional peptide 
synthesizers. 

s Proteins can be expressed in mammalian cells, yeast, bacteria, or other cells under the 

control of appropriate promoters. Cell-free translation systems can also be employed to produce 
such proteins using RNAs {e.g., splice variants of OFQR) derived from the DNA constructs of 
the present invention. Appropriate cloning and expression vectors for use with prokarj'otic and 
cukaryotic hosts are described by Sambrook, et al. Molecular Cloning: A Laboratory Manual, 
ID Second Edition, Cold Spring Harbor, N.Y., (1989). 

In some embodiments of the present invention, following transfomiation of a suitable 
host strain and grow th of the host strain to an appropriate cell density, the selected promoter is 
induced by appropriate means (<?.g., temperature shift or chemical induction) and cells are 
cultured for an additional period. 

!5 

C. Fusion Proteins Containing OFQR 

The present invention also provides fusion proteins incorporating all or part of an OFQR 
polypeptide. Accordingly, in some embodiments of the present invention, a coding sequence for 
one of the polypeptides of the present invention can be incorporated as a part of a fusion gene 

20 including a nucleotide sequence encoding a different polypeptide. It is contemplated that this 
type of expression system will find use under conditions where it is desirable to produce an 
immunogenic fragment of an OFQR polypeptide. In some embodiments of the present 
invention, the VP6 capsid protein of rotavirus is used as an immunologic carrier protein for 
portions of a OFQR polypeptide of the present invention {e.g., SEQ ID Nos:l 1, 13, 15,17 and 

25 23), either in the monomeric fomi or in the form of a viral particle. In other embodiments of the 
present invention, the nucleic acid sequences corresponding to the portion of OFQR against 
which antibodies are to be raised can be incorporated into a fusion gene construct which includes 
coding sequences for a late vaccinia virus structural protein to produce a set of recombinant 
viruses expressing fusion proteins comprising a portion of OFQR as part of the virion. It has 

30 been demonstrated with the use of immunogenic fusion proteins utilizing the hepatitis B surface 



34 



• 



antigen fusion proteins that recombinant hepatitis B virions can be utihzed in this role as well. 
Similarly, in other enibodimenis of the present invention, chimeric constructs coding for fusion 
proteins containing a portion of OFQR and the poliovirus capsid protein are created to enhance 
immunogenicity of the set of polypeptide antigens {See e.g.. EP Publication No. 025949; and 
5 Evans et ai. Nature 339:385 [1989]; Huang et ai. J. Virol., 62:3855 [1988]; and Schlienger et 
al.J. Virol., 66:2 [1992]). 

In still other embodiments of the present invention, the multiple antigen peptide system 
for peptide-based immunization can be utilized. In this system, a desired portion of OFQR is 
obtained directly from organo-chemical synthesis of the peptide onto an oligomeric branching 

10 lysine core {see e.g.. Posnctt e! al.. J. Biol. Chem., 263:1 719 [1988]; and Nardelli et ciL. J. 
Immunol., 148:914 [1992]). In other embodiments of the present invention, antigenic 
determinants of the OFQR proteins can also be expressed and presented by bacterial cells. 

Techniques for making fusion genes are well known. Essentially, the joining of various 
DNA fragments coding for different polypeptide sequences is performed in accordance with 

15 conventional techniques, employing blunt-ended or stagger-ended termini for ligation, restriction 
enzyme digestion to provide for appropriate termini, filling-in of cohesive ends as appropriate, 
alkaline phosphatase treatment to avoid undesirable joining, and enzymatic ligation. In another 
embodiment of the present invention, the fusion gene can be synthesized by conventional 
techniques including automated DNA synthesizers. Alternatively, in other embodiments of the 

20 present invention, PCR amplification of gene fragments can be carried out using anchor primers 
which give rise to complementary overhangs between two consecutive gene fragments which can 
subsequently be annealed to generate a chimeric gene sequence (See e.g.. Current Protocols in 
Molecular Biology, supra). 

25 D. Variants of OFQR 

Still other embodiments of the present invention provide mutant or variant forms of 
OFQR {i.e., muteins). It is possible to modify the structure of a polypeptide having an activity of 
OFQR for such purposes as enhancing therapeutic or prophylactic efficacy, or stability (e.g.., ex 
vivo shelf life, and/or resistance to proteolytic degradation in vivo). Such modified polypeptides 
30 are considered functional equivalents of polypeptides ha\'ing an activity of the subject OFQR 
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proteins as defined herein. A modified polypeptide can be produced in which the amino acid 
sequence has been altered, such as by amino acid substitution, deletion, or addition. 

Moreover, as described above, variant fomis (e.g.. mutants) of the subject OFQR proteins 
are also contemplated as being equivalent to those peptides and DNA molecules that are set forth 
5 in more detail. For example, as described above, the present invention encompasses mutant and 
variant proteins that contain conser\ati\'e or non-conser\ ative amino acid substitutions. 

This invention further contemplates a method of generating sets of combinatorial mutants 
of the present OFQR proteins, as well as truncation mutants, and is especially useful for 
identifying potential variant sequences (i.e.. homologs) that are functional in binding to Orphanin 

10 FQ or other neurotransmitter peptides. The purpose of screening such combinatorial libraries is 
to generate, for example, novel OFQR homologs express differential ligand binding properites, 
or alternatively, possess novel activities all together. 

In some embodiments of the combinatorial mutagenesis approach of the present 
invention, the amino acid sequences for a population of OFQR homologs or other related 

15 proteins are aligned, preferably to promote the highest homology possible. Such a population of 
variants can include, for example, OFQR homologs from one or more species, or OFQR 
homologs from the same species but which differ due to mutation or splice variation. Amino 
acids that appear at each position of the aligned sequences are selected to create a degenerate set 
of combinatorial sequences. 

20 In a preferred embodiment of the present invention, the combinatorial OFQR library is 

produced by way of a degenerate library of genes encoding a library of polypeptides which each 
include at least a portion of potential OFQR protein sequences. For example, a mixture of 
synthetic oligonucleotides can be enzymatically ligated into gene sequences such that the 
degenerate set of potential OFQR sequences are expressible as individual polypeptides, or 

25 altematix ely, as a set of larger fusion proteins {e.g., for phage display) containing the set of 
OFQR sequences therein. 

There are many ways by which the library of potential OFQR homologs can be generated 
from a degenerate oligonucleotide sequence. In some embodiments, chemical synthesis of a 
degenerate gene sequence is carried out in an automatic DNA synthesizer, and the synthetic 

30 genes are ligated into an appropriate gene for expression. The purpose of a degenerate set of 
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genes is to provide, in one mixture, all of the sequences encoding the desired set of potential 
OFQR sequences. The synthesis of degenerate oligonucleotides is well known in the art (See 
e.g.. Xarang, Tetrahedron Lett,, 39:3 9 [1983]; Itakura ei ai. Recombinant DNA, /// Walton 
(ed.). Proceedings of the 3rd Cleveland Symposium on Macromolecules, Else\ier, Amsterdam. 
5 pp 273-289 [1981]; Itakura el ai. Annu. Rev. Biochem., 53:323 [1984]; Itakura et ai. Science 
198:1056 [1984]; Ike et uL. Nucl. Acid Res., 1 1:477 [1983]). Such techniques have been 
employed in the directed evolution of other proteins {See e.g., Scott et al.. Science 249:386-390 
[1980]; Roberts et al, Proc. Natl. Acad. Sci. USA 89:2429-2433 [1992]; Devlin et ciL, Science 
249: 404-406 [1990]; Cwirlae/ ai. Proc. Natl. Acad. Sci. USA 87: 6378-6382 [1990]; as well as 
10 U.S. Pat. Nos. 5,223,409, 5,198,346, and 5,096,815, each of which is incorporated herein by 
reference). 

It is contemplated that the OFQR nucleic acids {e.g., SEQ ID NOs: 9, 10, 12, 14, 16, 18, 
19, 20, and 21 ), and fragments and variants thereoO can be utilized as starting nucleic acids for 
directed evolution. These techniques can be utilized to develop OFQR variants having desirable 

15 properties such as increased or decreased binding affinity for Orphanin FQ. 

In some embodiments, artificial evolution is performed by random mutagenesis {e.g., by 
utilizing error-prone PCR to introduce random mutations into a given coding sequence). This 
method requires that the frequency of mutation be finely tuned. As a general rule, beneficial 
mutations are rare, while deleterious mutations are common. This is because the combination of 

20 a deleterious mutation and a beneficial mutation often results in an inactive protein. The ideal 
number of base substitutions for targeted gene is usually between 1.5 and 5 (Moore and Arnold, 
Nat. Biotech., 14, 458-67 [1996]; Leung et al. Technique, 1:11-15 [1989]; Eckert and Kunkel, 
PCR Methods Appl., 1:17-24 [1991]; Caldwell and Joyce, PCR Methods Appl., 2:28-33 (1992); 
and Zhao and Arnold, Nuc. Acids. Res., 25:1307-08 [1997]). After mutagenesis, the resulting 

25 clones are selected for desirable activity {e.g., screened for Orphanin FQ binding). Successive 
rounds of mutagenesis and selection are often necessary to develop enzymes w ith desirable 
properties. It should be noted that only the useful mutations are carried over to the next round of 
mutagenesis. 

In other embodiments of the present invention, the polynucleotides of the present 
30 invention are used in gene shuffiing or sexual PCR procedures {e.g.. Smith, Nature, 370:324-25 
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[1994]; U.S. Pat. Nos. 5.837,458: 5.830,721; 5.81 1,238; 5,733.731; all of which are herein 
incorporated by reference). Gene shuffling in\ ol\ es random fragmentation of several mutant 
DNAs followed b\ their reassembly by PCR into full length molecules. Examples of \ arious 
gene shuffling procedures include, but are not limited to, assembly follow ing DNase treatment, 
5 the staggered extension process (STEP), and random priming in vitro recombination. In the 
DNase mediated method, DNA segments isolated from a pool of positive mutants are cleaxed 
into random fragments with DXasel and subjected to multiple rounds of PCR with no added 
primer. The lengths of random fragments approach that of the uncleaved segment as the PCR 
cycles proceed, resulting in mutations in present in different clones becoming mixed and 

10 accumulating in some of the resulting sequences. Multiple cycles of selection and shuffling have 
led to the functional enhancement of se\ eral enzymes (Stemmer, Nature, 370:398-91 [1994]; 
Stemmer, Proc. Natl. Acad. Sci. USA, 91, 10747-51 [1994]; Crameri et al. Nat. Biotech., 
14:315-19 [1996]; Zhang et uL, Proc. Natl. Acad. Sci. USA, 94:4504-09 [1997]; and Crameri et 
ai, Nat. Biotech., 15:436-38 [1997]). Variants produced by directed evolution can be screened 

15 for ligand binding using any suitable method, including but not limited to, those disclosed herein. 
A wide range of techniques are known in the art for screening gene products of 
combinatorial libraries made by point mutations, and for screening cDNA libraries for gene 
products having a certain property. Such techniques will be generally adaptable for rapid 
screening of the gene libraries generated by the combinatorial mutagenesis or recombination of 

20 OFQR homologs. The most widely used techniques for screening large gene libraries typically 
comprises cloning the gene library into replicable expression vectors, transforming appropriate 
cells w ith the resulting library of vectors, and expressing the combinatorial genes under 
conditions in which detection of a desired activity facilitates relatively easy isolation of the 
vector encoding the gene whose product was detected. 

25 

E. Chemical Synthesis of OFQR 

In an alternate embodiment of the invention, the coding sequence of an OFQR 
polypeptide is synthesized, whole or in part, using chemical methods well known in the art (See 
e.g., Caruthers et ai. Nucl. Acids Res. Symp. Ser., 7:215-233 [1980]; Crea and Horn, Nucl 
30 Acids Res., 9:2331 [1980]; Matteucci and Caruthers, Tetrahedron Lett., 21:719 [1980]; and 
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Chow and Kcmpe, \iicl. Acids Res., 9:2807-281 7 [1981]). In other embodiments of the present 
inx ention. the protein itself is produced using chemical methods to synthesize either an entire 
OFQR amino acid sequence (e.g., SEQ ID Nos: 11, 13, 15, and 1 7) or a portion thereof For 
example, peptides can be synthesized by sohd phase techniques, cleaved from the resin, and 
5 purified by preparative high perfomiance liquid chromatography {Sec e.g.. Creighton, Proteins 
Structures Am! Molecular Principles. W H Freeman and Co, New York N.Y. [1983]). hi other 
embodiments of the present invention, the composition of the synthetic peptides is confinned by 
amino acid analysis or sequencing (See e.g., Creighton, supra). 

Direct peptide synthesis can be performed using various solid-phase techniques (Roberge 
10 ct uL. Science 269:202-204 [1995]) and automated synthesis may be achie\ ed, for example, 

using ABl 431 A Peptide Synthesizer (Perkin Elmer) in accordance with the instructions provided 
by the manufacturer. Additionally, an amino acid sequence of OFQR, or any part thereof, may 
be altered during direct synthesis and/or combined using chemical methods with other sequences 
to produce a variant polypeptide. 

15 

III. Generation of OFQR Antibodies 

In some embodiments, the present invention provides antibodies specific to a OFQR 
polypeptide. Antibodies can be generated to allow for the detection of OFQR protein. The 
antibodies may be prepared using various immunogens. In one embodiment, an OFQR splice 

20 variant peptide is used as an immunogen in order to generate antibodies that recognize a specific 
splice variant of OFQR. Such antibodies include, but are not limited to polyclonal, monoclonal, 
chimeric, single chain. Fab fragments, and Fab expression Hbraries. 

Various procedures know n in the art may be used for the production of polyclonal 
antibodies directed against an OFQR splice variant. For the production of antibody, various host 

25 animals can be immunized by injection with the peptide corresponding to the OFQR epitope 

including but not limited to rabbits, mice, rats, sheep, goats, etc. In a preferred embodiment, the 
peptide is conjugated to an immunogenic carrier {e.g., diphtheria toxoid, bovine serum albumin 
(BSA), or keyhole limpet hemocyanin (KLH)), Various adjuvants may be used to increase the 
immunological response, depending on the host species, including but not limited to Freund's 

30 (complete and incomplete), mineral gels (e.g.. aluminum hydroxide), surface active substances 
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{e.g.. lysolecithin, pliironic polyols, polyanions, peptides, oil emulsions, keyhole limpet 
hemocyanins, dinitrophenol, and potentially useful human adjuvants such as BCG (Bacille 
Calmctte-Guerin) and Corynehacteriuni parvum). 

For preparation of monoclonal antibodies directed tow ard an OFQR polypeptide, it is 

5 contemplated that any technique that provides for the production of antibody molecules by 
continuous cell lines in culture will find use with the present invention {See e.g.. Harlow and 
Lane, Antibodies: A Lahoratofy Manual. Cold Spring Harbor Laboratofy Press, Cold Spring 
Harbor, NY). These include, but are not limited to, the hybridoma technique originally 
de\'eloped by Kohler and Milstein (Kohler and Milstein, Nature 256:495-497 [1975]), as well as 

10 the trioma technique, the human B-ccll hybridoma technique (See e.g., Kozbor et al. Immunol. 
Tod., 4:72 [1983]), and the EBV-hybridoma technique to produce human monoclonal antibodies 
(Cole et al., in Monoclonal Antibodies and Cancer Therapy, Alan R. Liss, Inc., pp. 77-96 
[1985]). 

In an additional embodiment of the invention, monoclonal antibodies are produced in 
15 germ-free animals utilizing technology such as that described in PCT/US90/02545). 

Furthermore, it is contemplated that human antibodies will be generated by human hybridomas 
(Cote et ai, Proc. Natl. Acad. Sci. USA 80:2026-2030 [1983]) or by transfomiing human B cells 
with EBV virus /// vitro (Cole et al., in Monoclonal Antibodies and Cancer Therapy, Alan R. 
Liss, pp. 77-96 [1985]). 

20 In addition, it is contemplated that techniques described for the production of single chain 

antibodies (U.S. Patent 4,946,778; herein incorporated by reference) will find use in producing 
OFQR specific single chain antibodies. An additional embodiment of the invention utilizes the 
techniques described for the construction of Fab expression libraries (Huse et al.. Science 
246:1275-1281 [1989]) to allow rapid and easy identification of monoclonal Fab fragments with 

25 the desired specificity for a specific OFQR polypeptide. 

It is contemplated that any technique suitable for producing antibody fragments will find 
use in generating antibody fragments that contain the idiotype (antigen binding region) of the 
antibody molecule. For example, such fragments include but are not limited to: F(ab')2 
fragment that can be produced by pepsin digestion of the antibody molecule; Fab' fragments that 
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can be generated by reducing the disulfide bridges of the F(ab')2 fragment, and Fab fragments 
that can be generated by treating the antibody molecule with papain and a reducing agent. 

In the production of antibodies, it is contemplated that screening for the desired antibody 
will be accomplished by techniques known in the art (e.g.. radioimmunoassay, ELISA 
5 (enzyme-linked immunosorbant assay), "sandwich" immunoassays, immunoradiometric assays, 
gel diffusion precipitation reactions, immunodiffusion assays, //; siiu immunoassays (e.g., using 
colloidal gold, enzyme or radioisotope labels, for example). Western blots, precipitation 
reactions, agglutination assays (e.g.. gel agglutination assays, hemagglutination assays, etc.), 
complement fixation assays, immunofiuorcscence assays, protein A assays, and 

10 immunoelectrophoresis assays, etc. 

In one embodiment, antibody binding is detected by detecting a label on the primary 
antibody. In another embodiment, the primary antibody is delected by delecting binding of a 
secondary antibody or reagent to the primary antibody. In a further embodiment, the secondary 
antibody is labeled. Many means are known in the art for detecting binding in an immunoassay 

\6 and are within the scope of the present invention. As is well known in the art, the immunogenic 
peptide should be provided free of the carrier molecule used in any immunization protocol. For 
example, if the peptide was conjugated to KLH, it may be conjugated to BSA, or used directly, 
in a screening assay. 

The foregoing antibodies can be used in methods known in the art relating to 

20 the localization and structure of an OFQR polypeptide (e.g., for Western blotting), measuring 
levels thereof in appropriate biological samples, etc. The antibodies can be used to detect OFQR 
in a specific tissue (e.g., brain or gastrointestinal tissue). 

The biological tissue samples can then be tested directly for the presence of an OFQR 
polypeptide using an appropriate strategy (e.g.. ELISA or radioimmunoassay) and format (e.g.. 

25 microwells, dipstick (e.g.. as described in International Patent Publication WO 93 03367), etc. 
Alternatively, proteins in the sample can be size separated (e.g., by polyaci^lamide gel 
electrophoresis (PAGE), in the presence or not of sodium dodecyl sulfate (SDS), and the 
presence of OFQR delected by immunoblotting (Western blotting). Immunoblotling techniques 
are generally more effective with antibodies generated against a peptide corresponding to an 

30 epitope of a protein, and hence, are particularly suited to the present invention. 
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Another method uses antibodies as agents to aUer signal transduction. Specific 
antibodies that bind to the binding domains of OFQR involved in signalling can be used to 
inhibit the interaction between the various proteins and their interaction with other ligands. 
Antibodies that bind to the complex can also be used therapeutically to inhibit interactions of the 
5 protein complex in the signal transduction pathways leading to the various physiological and 
cellular effects of Orphanin FQ. Such antibodies can also be used diagnostically to measure 
abnomial expression of OFQR, or the aberrant fonnation of protein complexes, w hich may be 
indicative of a disease state. 

10 IV. Drug Screening Using OFQR 

The present in\ ention provides methods and compositions for using OFQR as a target for 
screening drugs. In some embodiments, drug screening assays are used to identify compounds 
that can alter, for example, the binding of Orphanin FQ to OFQR. In other embodiments, drug 
screens are used to identify OFQR agonists and antagonists. In preferred embodiments, one or 

15 more splice variants of OFQR are utilized to identify compounds that are active towards some 
{e.g., one), but not all, receptor variants. The present invention thus provides methods of 
identifying compounds that are active in specific tissues or organs. 

Previous studies have suggested that Orphanin FQ modulates a variety of biological 
functions including nociception (pain), food intake, memory processes, caridovacular and renal 

20 function, spontaintaneous locomotor activity, gastrointestinal motility, anxiety and 

neurotransmitter release (Calo et uL, Br. J. Pharmacol 129:1261 [2000]). Specifically, Orphanin 
FQ reduces elementary stress-induced physiological responses such as analgesia in rodents and 
attenuates elaborate behavioral fear responses elicited w'hen animal are exposed to 
stressful/anxiogenic situations ( Jenck et ai, PNAS 97:4938 [2000]; Koster et uL, PNAS 

25 96:10444). Orphanin FQ has also been found to play a role in pain perception by the 

measurement of themial hyperalgesia in rats following nerve injury (Yamamoto and Nozaki- 
Taguchi, Anesthesiology 87:1 145 [1997]). Orphanin FQ has further been shown to play a role in 
gastrointestinal motility in rats (Ya/dani et uL. Gastroenterology, 1 16:108 [1999]). 

The present invention is not limited to a particular mechanism. Indeed, an understanding 

30 of the mechanism is not necessar>' to practice the present invention. Nonetheless, it is 
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contemplated that the diverse effects of Orphanin FQ in a variety of tissues are due to the 
preferential expression of different splice variants in different tissues (See Example 4). Thus, it 
is contemplated that OFQR antagonists or agonists can be targeted to specific tissues and 
physiological responses (e,g.. pain, gastrointestinal motility, learning and memor\', drug 
5 dependence, and stress-related neuronal dysfunctions). 

The present invention is not limited to any one drug-screening method. Indeed, any 
suitable method may be utilized. In some embodiments, drug screening is carried out using the 
method described in U.S. Patent 6,172,075 (herein incorporated by reference). Briefly, the 
cDNA for a particular splice variant of OFQR is cloned into an expression vector (e.g., 

10 including, but not limited to, those described above) and expressed in a mammalian cell line 
(e.g., including, but not limited to, those described above). In some embodiments, greater than 
one (e.g., two) OFQR receptors are expressed in the same cell (See e.g., U.S. Patent 5,976,807; 
herein incorporate by reference). 

In some embodiments, binding assays are performed with intact cells expressing OFQR 

15 receptor on their surfaces (the presence of OFQR on cell surfaces can be determined, for 
example, by one of the immunological methods described above). In other embodiments, 
membrane fractions are isolated from the cells (See e.g., U.S. Patent 6,1 72,075). 

Binding assays are next perfomied using any suitable method. For example, in some 
embodiments, filter binding assays utilizing radiolabelled OFQR are used to assay the binding of 

20 a ligand to OFQR (See e.g., U.S. Patent 6,1 72,075; herein incorporated by reference). In other 
embodiments, binding is assayed by ligand binding associated inhibition of forskolin-stimulated 
camp accumulation (See e.g., U.S Patent 5,821,219; herein incorporated by reference). In still 
other embodiments, a reporter gene expression assay is utilized in which cells are transformed 
with a plasmid containing an OFQR gene and a second plasmid containing a reporter plasmid 

25 (e.g., cAMP responsive element) (See e.g., Wnendt et al., Mol. Pharmacol. 56:334 [1999] and 
U.S. Patent 5,976,807; herein incorporated by reference for exemplary methods) . 

Another technique for drug screening provides high throughput screening for compounds 
having suitable binding affinity to OFQR and is described in detail in WO 84/03564, 
incorporated herein by reference. Briefly, large numbers of different small peptide test 

30 compounds arc synthesized on a solid substrate, such as plastic pins or some other surface. The 
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peptide test compounds are then reacted with OFQR and washed. Bound OFQR polypeptides 
are then delected by methods \\ ell know n in the art. 

Another technique uses OFQR antibodies, generated as discussed above. Such antibodies 
capable of binding to specific OFQR splice variants compete with a lest compound for binding to 
5 an OFQR polypeptide, hi this manner, the antibodies can be used to detect the presence of any 
peptide that shares one or more antigenic determinants of a specific OFQR polypeptide. 

The present invention contemplates many other means of screening compounds. The 
examples provided above are presented merely to illustrate a range of techniques available. One 
of ordinary skill in the art will appreciate that many other screening methods can be used. 
10 In particular, the present in\'ention contemplates the use of cell lines transfectcd with 

OFQR splice variants and variants or mutants thereof for screening compounds for activity, and 
in particular to high throughput screening of compounds from combinatorial libraries (e.g., 

libraries containing greater than 10"* compounds). The cell lines of the present invention can be 
used in a variety of screening methods, hi some embodiments, the cells can be used in second 
15 messenger assays that monitor signal transduction following activation of cell-surface receptors. 
In other embodiments, the cells can be used in reporter gene assays that monitor cellular 
responses at the transcription/translation level. In still further embodiments, the cells can be used 
in cell proliferation assays to monitor the overall growth/no growth response of cells to external 
stimuli. 

20 In second messenger assays, the host cells are preferably transfected as described above 

with vectors encoding OFQR splice variants or variants or mutants thereof. The host cells are 
then treated with a compound or plurality of compounds (e.g., from a combinatorial library) and 
assayed for the presence or absence of a response. It is contemplated that at least some of the 
compounds in the combinatorial library can ser\'e as agonists, antagonists, activators, or 

25 inhibitors of the protein or proteins encoded by the vectors. It is also contemplated that at least 
some of the compounds in the combinatorial library can sen e as agonists, antagonists, activators, 
or inhibitors of protein acting upstream or downstream of the protein encoded by the vector in a 
signal transduction pathway. 

In some embodiments, the second messenger assays measure fluorescent signals from 

30 reporter molecules that respond to intracellular changes (e.g., Ca^^ concentration, membrane 
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potential, pH, IP3, cAMP, arachidonic acid release) due to stimulation of membrane receptors 
and ion channels (e.g., ligand gated ion channels; see Denver ef ai. Drug Disco\ . Today 3:323- 
32 [1998]; and Gon/ales et ciL. Drug. Discov. Today 4:431-39 [1999]). Examples of reporter 
molecules include, but are not limited to, FRET (florescence resonance energy transfer) systems 
5 {e.g.. Cuo-lipids and oxonols, EDAN/DABCYL), calcium sensitive indicators (e.g., Fluo-3, 
FURA 2, INDO 1, and FLU03/AM, BAPTA AM), chloride-sensitive indicators (e.g.. SPQ, 
SPA), potassium-sensitive indicators (e.g.. PBFI), sodium-sensitive indicators {e.g.. SBFI), and 
pH sensitive indicators (e.g., BCECF). 

In general, the host cells arc loaded with the indicator prior to exposure to the compound. 

10 Responses of the host cells to treatment with the compounds can be detected by methods known 
in the art, including, but not limited to, fluorescence microscopy, confocal microscopy {e.g.. FCS 
systems), flow cytometry, micro fluidic devices, FLIPR systems {See, e.g.. Schroeder and Neagle. 
J. Biomol. Screening 1:75-80 [1996]), and plate-reading systems, hi some preferred 
embodiments, the response {e.g., increase in fluorescent intensity) caused by compound of 

15 unknown activity is compared to the response generated by a known agonist and expressed as a 
percentage of the maximal response of the known agonist. The maximum response caused by a 
known agonist is defined as a 100% response. Likewise, the maximal response recorded after 
addition of an agonist to a sample containing a known or test antagonist is detectably lower than 
the 100% response. 

20 The cells are also useful in reporter gene assays {e.g.. as described above). Reporter gene 

assays involve the use of host cells transfected wqth vectors encoding a nucleic acid comprising 
transcriptional control elements of a target gene {i.e.. a gene that controls the biological 
expression and function of a disease target) spliced to a coding sequence for a reporter gene. 
Therefore, activation of the target gene results in activation of the reporter gene product, 

25 Examples of reporter genes finding use in the present invention include, but are not 

limited to. chloramphenicol transferase, alkaline phosphatase, firefly and bacterial luciferases, p- 
galactosidase, P-lactamase, and green fluorescent protein. The production of these proteins, 
with the exception of green fluorescent protein, is detected through the use of chemiluminescent, 
colorimetric, or bioluminecent products of specific substrates (e.g.. X-gal and luciferin). 
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Comparisons between compounds of known and unknown activities may be conducted as 

described above. 

In some embodiments, drug screening assays are performed {e.g.. using one of the 
methods described abo\'e) in which muUiple splice variants {e.g.. two or more) of OFQR are 
5 simuhaneously assayed. The variants can be expressed in one cell line, or altematively, in a 
scries of membrane preparations. In such an analysis, the comparative effect of multiple 
compounds can be assayed. The ability of compounds to compete with each other and/or the 
endogenous ligand {e.g., Orphanin FQ) provides data useful in identifying potential therapeutics. 

10 V. Pharmaceutical Compositions 

The present invention further provides phamiaceutical compositions {e.g., those 
developed by the drug screening applications described above) which may comprise agonists or 
antagonists of OFQR, including antibodies, peptides, anlisense oligonucleotides, and small 
molecule compounds, alone or in combination with at least one other agent, such as a stabilizing 

15 compound, and may be administered in any sterile, biocompatible phamiaceutical carrier, 
including, but not limited to, saline, buffered saline, dextrose, and water. 

The methods of the present invention find use in treating diseases or altering 
physiological states characterized by Orphanin FQ/OFQR signaling. Consequently, compounds 
developed using the methods of the present invention are useful in the treatment of psychiatric, 

20 neurological and physiological disorders, especially, but not limited to, amelioration of 

symptoms of anxiety and stress disorders, depression, trauma, memory loss due to Alzheimer's 
disease or other dementias, epilepsy and convulsions, acute and/or chronic pain conditions, 
symptoms of addictive drug withdrawal, control of water balance, Na" excretion, 
arterial blood pressure disorders and metabolic disorders such as obesity. 

25 The fomiulations developed by the methods of the present invention are useful for 

parenteral administration, such as intravenous, subcutaneous, intramuscular, and intraperitoneal. 
As is well known in the medical arts, dosages for any one patient depends upon many factors, 
including the patient's size, body surface area, age, the particular compound to be administered, 
sex, time and route of administration, general health, and interaction with other drugs being 

30 concurrently administered. 
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Accordingly, in some embodiments of the present invention, compounds developed by 
the drug screening methods of the present invention can be administered to a patient alone, or in 
combination with nucleotide sequences, drugs or honnones or in pharmaceutical compositions 
w here it is mixed with excipient(s) or other phamiaceutically acceptable carriers. In one 
5 embodiment of the present invention, the phamiaceutically acceptable carrier is phamiaceutically 
inert. In another embodiment of the present inx ention, compounds may be administered alone to 
individuals subject to or suffering from a disease. 

Depending on the condition being treated, these phamiaceutical compositions may be 
fomiulated and administered systeniically or locally. Techniques for fomiulation and 

to administration may be found in the latest edition of "Remington's Phamiaceutical Sciences" 
(Mack Publishing Co, Easton Pa.). Suitable routes may, for example, include oral or 
transmucosal administration; as well as parenteral delivery, including intramuscular, 
subcutaneous, intramedullary, intrathecal, intraventricular, intravenous, intraperitoneal, or 
intranasal administration. 

15 For injection, the phamiaceutical compositions of the invention may be fomiulated in 

aqueous solutions, preferably in physiologically compatible buffers such as Hanks' solution. 
Ringer's solution, or physiologically buffered saline. For tissue or cellular administration, 
penetrants appropriate to the particular barrier to be pemieated are used in the formulation. Such 
penetrants are generally known in the art. 

20 In other embodiments, the phamiaceutical compositions of the present invention can be 

fomiulated using phamiaceutically acceptable carriers well known in the art in dosages suitable 
for oral administration. Such carriers enable the phamiaceutical compositions to be fomiulated as 
tablets, pills, capsules, liquids, gels, syrups, slurries, suspensions and the like, for oral or nasal 
ingestion by a patient to be treated. 

25 Phamiaceutical compositions suitable for use in the present invention include 

compositions wherein the active ingredients are contained in an effective amount to achieve the 
intended purpose. For example, an effective amount of composition may be that amount that 
results in substantial elimination of symptoms characteristic of the disease state being treated. 
Detemiination of effective amounts is w ell within the capability of those skilled in the art, 

30 especially in light of the disclosure provided herein. 
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In addition to the active ingredients these phamiaceutical compositions may contain 
suitable phannaceutically acceptable carriers comprising excipients and auxiliaries which 
facihtalc processing of the active compounds into preparations w hich can be used 
phamiaceutically. The preparations fomiulated for oral administration may be in the fomi of 
5 tablets, dragces, capsules, or solutions. 

The pharmaceutical compositions of the present invention may be manufactured in a 
manner that is itself known {e.g., by means of conventional mixing, dissolving, granulating, 
dragee-making, levigating, emulsifying, encapsulating, entrapping or lyophilizing processes). 

Pharmaceutical fomiulations for parenteral administration include aqueous solutions of 
10 the active compounds in water-soluble fomi. Additionally, suspensions of the active compounds 
may be prepared as appropriate oily injection suspensions. Suitable lipophilic solvents or 
vehicles include fatty oils such as sesame oil, or synthetic fatty acid esters, such as ethyl oleate or 
triglycerides, or liposomes. Aqueous injection suspensions may contain substances which 
increase the viscosity of the suspension, such as sodium carboxymethyl cellulose, sorbitol, or 
15 dextran. Optionally, the suspension may also contain suitable stabilizers or agents which 
increase the solubility of the compounds to allow for the preparation of highly concentrated 
solutions. 

Pharmaceutical preparations for oral use can be obtained by combining the active 
compounds with solid excipient, optionally grinding a resulting mixture, and processing the 

20 mixture of granules, after adding suitable auxiliaries, if desired, to obtain tablets or dragee cores. 
Suitable excipients are carbohydrate or protein fillers such as sugars, including lactose, sucrose, 
mannitol, or sorbitol; starch from com, wheat, rice, potato, etc; cellulose such as methyl 
cellulose, hydroxypropylmethyl-cellulose, or sodium carboxymcthylcellulose; and gums 
including arabic and tragacanth; and proteins such as gelatin and collagen. If desired, 

25 disintegrating or solubilizing agents may be added, such as the cross-linked polyvinyl 
pyrrolidone, agar, alginic acid or a salt thereof such as sodium alginate. 

Dragee cores arc provided with suitable coatings such as concentrated sugar solutions, 
which may also contain gum arabic, talc, poly\inylpyrrolidone, carbopol gel, polyethylene 
glycol, and/or titanium dioxide, lacquer solutions, and suitable organic solvents or solvent 
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mixtures. Dyestuffs or pigments may be added to the tablets or dragee coatings for product 
identification or to characterize the quantity of active compound, (i.e.. dosage). 

Phamiaceulical preparations that can be used orally include push-fit capsules made of 
gelatin, as well as soft, sealed capsules made of gelatin and a coating such as glycerol or sorbitol. 
5 The push-fit capsules can contain the active ingredients mixed with fillers or binders such as 
lactose or starches, lubricants such as talc or magnesium stearate, and, optionally, stabilizers. In 
soft capsules, the active compounds may be dissolved or suspended in suitable liquids, such as 
fatty oils, liquid paraffin, or liquid polyethylene glycol with or without stabilizers. 

Compositions comprising a compound of the invention formulated in a pharmaceutical 
to acceptable carrier may be prepared, placed in an appropriate container, and labeled for treatment 
of an indicated condition. 

The pharmaceutical composition may be provided as a sail and can be fomied w ith many 
acids, including but not limited to hydrochloric, sulfuric, acetic, lactic, tartaric, malic, succinic, 
etc. Salts tend to be more soluble in aqueous or other protonic solvents that are the 
15 corresponding free base forms. In other cases, the preferred preparation may be a lyophilized 
powder in 1 mM-50 niM histidine, 0A%-2% sucrose, 2%-7% mannitol at a pH range of 4.5 to 
5.5 that is combined w ith buffer prior to use. 

For any compound used in the method of the invention, the therapeutically effective dose 
can be estimated initially from cell culture assays. Then, preferably, dosage can be fomiulated in 
20 animal models (particularly murine models) to achieve a desirable circulating concentration 
range that adjusts the level of the compound. 

A therapeutically effective dose refers to that amount of the compound developed by the 
methods of the present invention that ameliorates symptoms of the disease state. Toxicity and 
therapeutic efficacy of such compounds can be determined by standard pharmaceutical 
25 procedures in cell cultures or experimental animals, e.g., for detemiining the LD50 (the dose 

lethal to 50% of the population) and the ED50 (the dose therapeutically effective in 50% of the 

population). The dose ratio between toxic and therapeutic effects is the therapeutic index, and it 
can be expressed as the ratio LD5q/ED5(). Compounds that exhibit large therapeutic indices are 

preferred. The data obtained from these cell culture assays and additional animal studies can be 
30 used in fomiulating a range of dosage for human use. The dosage of such compounds lies 
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preferably within a range of circulating concentrations that include the ED5() with little or no 
toxicity. The dosage x aries w ithin this range depending upon the dosage fomi employed, 
sensitivity of the patient, and the route of administration. 

The exact dosage is chosen by the individual physician in view of the patient to be 
5 treated. Dosage and administration are adjusted to provide sufficient levels of the active moiety 
or to maintain the desired effect. Additional factors which may be taken into account include the 
severity of the disease state; age, weight, and gender of the patient; diet, time and frequency of 
administration, drug combination(s), reaction sensitivities, and tolerance response to therapy. 
Long acting pharmaceutical compositions might be administered ev ery 3 to 4 days, ex er}' week, 

10 or once ever>' two weeks depending on half-life and clearance rate of the particular fomiulation. 

Normal dosage amounts may var>' from 0.1 to 100,000 micrograms, up to a total dose of 
about 1 g, depending upon the route of administration. Guidance as to particular dosages and 
methods of delivery is provided in the literature (See, U.S. Pat. Nos. 4,657,760; 5,206,344; or 
5,225,212, all of which arc herein incorporated by reference). Administration to the bone 

15 marrow may necessitate delivery in a manner different from intravenous injections. 

VI. Transgenic Animals Expressing Exogenous OFQR Genes and Splice 

Variants, Homologs, Mutants, and Variants Thereof 

The present invention contemplates the generation of transgenic animals comprising an 
20 exogenous OFQR gene or splice variants, homologs, mutants, or variants thereof In preferred 
embodiments, the transgenic animal displays an altered phenotype as compared to wild-type 
animals. In some embodiments, the altered phenotype is the overexpression of mRNA for an 
OFQR gene {e.g., a splice variant) as compared to wild-type levels of OFQR expression. In 
other embodiments, the altered phenotype is the decreased expression of mRNA for an 
25 endogenous OFQR gene {e.g.. a splice variant) gene as compared to wild-type levels of 
endogenous OFQR expression. Methods for analyzing the presence or absence of such 
phenotypes include Northern blotting, mRNA protection assays, and RT-PCR. In other 
embodiments, the transgenic animals have a knock out mutation of one or more variants of the 
OFQR gene {e.g.. including but not limited to, splice variants). In still further embodiments, 
30 transgenic animals express a OFQR mutant gene. Since the specific tissue where different 
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variants of OFQR are known, mutations, knock outs, etc. can be targeted to a specific tissue in 
order to study the localized effect of Orphanin FQ OFQR signaling. 

In some embodiments, the transgenic animals of the present invention find use in drug 
screens. In some embodiments, test compounds (e.g., a drug developed by the drug screening 
5 methods described above) and control compounds (e.g.. a placebo) are administered to the 
transgenic animals and the control animals and the effects evaluated. 

The transgenic animals can be generated via a x ariety of methods. In some embodiments, 
embr>'onal cells at various developmental stages are used to introduce transgenes for the 
production of transgenic animals. Different methods are used depending on the stage of 

10 development of the embryonal cell. The zygote is the best target for micro-injection. In the 
mouse, the male pronucleus reaches the size of approximately 20 micrometers in diameter, 
which allows reproducible injection of 1-2 picoliters (pi) of DNA solution. The use of zygotes 
as a target for gene transfer has a major advantage in that in most cases the injected DNA will be 
incorporated into the host genome before the first cleavage (Brinster et ai, Proc. Natl. Acad. Sci. 

15 USA 82:4438-4442 [1985]). As a consequence, all cells of the transgenic non-human animal 
will carry the incorporated transgene. This will in general also be reflected in the efficient 
transmission of the transgene to offspring of the founder since 50% of the germ cells will harbor 
the transgene. U.S. Patent No. 4,873,191 describes a method for the micro-injection of zygotes; 
the disclosure of this patent is incorporated herein in its entirety. 

20 In other embodiments, retroviral infection is used to introduce transgenes into a non- 

human animal. In some embodiments, the retroviral vector is utilized to transfect oocytes by 
injecting the retroviral vector into the perivitelline space of the oocyte (U.S. Pat. No. 6,080,912, 
incorporated herein by reference). In other embodiments, the developing non-human embryo 
can be cultured //; vitro to the blastocyst stage. During this time, the blastomcrcs can be targets 

25 for retroviral infection (Janenich, Proc. Natl. Acad. Sci. USA 73:1260-1264 [1976]). Efficient 
infection of the blastomeres is obtained by enzymatic treatment to remove the zona pellucida 
(Hogan et al, in Manipulating the Mouse Emhyo, Cold Spring Harbor Laboratory Press, Cold 
Spring Harbor, N.Y. [1986]). The viral vector system used to introduce the transgene is typically 
a replication-defective retrovirus carrying the transgene (D. Jahner et al, Proc. Natl. Acad Sci. 

30 USA 82:6927-693 [1985]). Transfection is easily and efficiently obtained by culturing the 
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blastomeres on a monolayer of \ irus-producing cells (Van der Putten, supra; Stewart, et al, 
EMBO J., 6:383-388 [1987]). Alternatively, infection can be performed at a later stage. Virus 
or \'irus-producing cells can be injected into the blastocoele (D. Jahner et ai. Nature 298:623- 
628 [1982]). Most of the founders will be mosaic for the transgene since incorporation occurs 
5 only in a subset of cells which form the transgenic animal. Further, the founder may contain 
various retroviral insertions of the transgene at different positions in the genome which generally 
will segregate in the offspring. In addition, it is also possible to introduce transgenes into the 
germline, albeit with low efficiency, by intrauterine retroviral infection of the midgestation 
embryo (Jahner et ai, supra [1982]). Additional means of using retroviruses or retroviral vectors 

}0 to create transgenic animals known to the art involves the micro-injection of retroviral particles 
or mitomycin C-treated cells producing retrovirus into the perivitelline space of fertilized eggs or 
early embryos (PCT International Application WO 90/08832 [1990], and Haskell and Bowen, 
Mol. Reprod. Dev., 40:386 [1995]). 

In other embodiments, the transgene is introduced into embryonic stem cells and the 

\s transfected stem cells are utilized to fomi an embryo. ES cells are obtained by culturing pre- 
implantation embryos in vitro under appropriate conditions (Evans et al, Nature 292: 1 54-1 56 
[1981]; Bradley et ai, Nature 309:255-258 [1984]; Gossler et ai, Proc. Acad. Sci. USA 
83:9065-9069 [1986]; and Robertson et ai. Nature 322:445-448 [1986]). Transgenes can be 
efficiently introduced into the ES cells by DNA transfection by a variety of methods know n to 

20 the art including calcium phosphate co-precipitation, protoplast or spheroplast fusion, lipofection 
and DEAE-dextran-mediated transfection. Transgenes may also be introduced into ES cells by 
retrovirus-mediated transduction or by micro-injection. Such transfected ES cells can thereafter 
colonize an embryo following their introduction into the blastocoel of a blastocyst-stage embryo 
and contribute to the germ line of the resulting chimeric animal (for review. See, Jacnisch, 

25 Science 240:1468-1474 [1988]). Prior to the introduction of transfected ES cells into the 

blastocoel, the transfected ES cells may be subjected to various selection protocols to enrich for 
ES cells which have integrated the transgene assuming that the transgene provides a means for 
such selection. Alternatively, the polymerase chain reaction may be used to screen for ES cells 
which have integrated the transgene. This technique obviates the need for growth of the 

30 transfected ES cells under appropriate selective conditions prior to transfer into the blastocoel. 
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In still other embodiments, homologous recombination is utilized knock-out gene 
function or create deletion mutants (e.g.. mutants in which the OFQR is altered to effect its 
ligand binding or signaling abilities). Methods for homologous recombination are described in 
U.S. Pat. No. 5,614,396, incorporated herein by reference. 

5 

EXAMPLES 

The following examples serx e to illustrate certain preferred embodiments and aspects of 
the present invention and are not to be construed as limiting the scope thereof. 

In the experimental disclosure which follows, the following abbreviations apply: eq 
10 (equivalents): |,i(micron): M (Molar): |A1 (micromolar): mM (millimolar): N (Normal): mol 

(moles); mmol (millimoles); ymol (micromolcs); nmol (nanomoles); g (grams); mg (milligrams); 
14^ (micrograms): ng (nanograms): L (liters): ml (milliliters); |j1 (microliters); cm (centimeters); 
mm (millimeters): \m (micrometers): nM (nanomolar):°C (degrees Centigrade); and PBS 
(phosphate buffered saline). 

15 

Example 1 
Isolation of OFQR genomic clones 

This example describes the isolation of genomic clones from rat containing the OFQR. A 
rat genomic library in the bacteriophage EMBL-3 (Clonlech) was screened as previously 

20 reported (Blandizzi et al, Biochem. Biophys. Res. Commun. 202:947 [1994]), using a '^"P- 

labeled cDNA fragment generated by the polymerase chain reaction (PCR) wqth primers based 
on the cDNA sequences of the rat OFQR (U01913, Bunzow et ciL, FEBS Lett. 347:284 [1994]; 
and L29419, Wick et al. Brain Res. Mol. Brain Res. 27:37 [1994]). Positive clones w^ere 
digested with Psl 1, Acc I, and Sac 1. The resulting restriction fragments were subcloned into 

25 phage M13mpl 8 or -mpl9 and sequenced in both directions by the dideoxy chain tennination 
method (Sanger et al., 1977) using the T7 Sequenase Kit (Amersham). Oligonucleotide primers 
for sequencing or for PCR were synthesized on a DNA synthesizer (Applied Biosystems - 
380B). Computer analysis of nucleotide sequences was perfonned with the Genetics Computer 
Group (GCG) program (Biotechnology Center, University of Wisconsin, Madison, Wl). 



53 




A random-primed ""P-labeled rat OFQR cDNA probe gave positive hybridization signals 
with fi\e clones of ](f plaques from a rat genomic librar\'. Two of the genomic clones were 
o\ erlapped to co\ er the full-length sequence of the gene encoding OFQR. The rat OFQR gene 
exceeded 10 kb in length and contained six exons, which were interrupted by five introns (Fig. 
5 I ). All exon intron boundaries confomied to known splice junction consensus sequences 

(Mount, Nucleic Acids Res. 10:459 [1982]) (Table 2). The ATG translation initiation codon was 
located in exon 2, and the open reading frame consisted of 1283 bp and six exons ranging from 
34 to 524 bp (Fig. 2). An mRNA variant containing exon 4 (see Fig. 4C for splice variants) is 
fomied by joining nt 2344 (splice donor G gt) to nt 2628 (acceptor ag GC), which results in a 

10 threonine (T) residue at position 136 and early termination at nt 2639-2641 (TGA). Splice 

variants deleted for exons 3 and 4 cause a translation frameshift, avoiding early temiination and 
resulting in the replacement of serine (S) with arginine (R) at position 75 in exon 2, and 
threonine (T) with histidine (H) at position 136 in exon 5. In these forms, the stop codon (TGA) 
is located at nt 3586 3588 in exon 6. 

15 Exon 2 encodes the putative extracellular amino terminus and transmembrane (TM)- 

spanning region I of the receptor. Exon 5 encodes TM regions II to IV, and exon 6 encodes the 
remaining TM regions V to VII and the intracellular carboxyl temiinus. The 5' flanking region 
of the rat OFQR gene (Fig. 2) contains a tandem dinucleotide sequence (GA):^, two (AAAAC).^ 
repeat sequences, two potential recognition sites for RNA polymerase II (TATA), and common 

20 motifs for transcription factors, such as Ap2 and Spl . The OFQR nucleotide sequence, including 
that of the 5' flanking region (Fig. 2) has been deposited in the GenBank database under the 
accession number AF2 1 62 1 8. 

Example 2 

25 Primer extension analysis 

This Example describes the use of primer extension analysis to detemiine the putative 
transcription initiation sites of the OFQR gene. Primer extension was perfomied with poly (A)^ 
RNA (500 ng) from rat brain and colon combined with two end-labeled antisense oligonuclelide 
primers: P18 (5'GCAGCAGCCGGTGCGGCAGCCAG3'; (SEQ ID N0:1) and P42 
30 (5 TAGACACCGTCCACTGAGGCC3 SEQ ID NO:2), as previously described (Muraoka et 
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al. Am. J. Physiol. 271:G1 101 [1996]). Figure 2 shows the location of the primers (exon 1 and 
intron 1. respecti\'ely). 

When the end-labeled primer PI 8 was used in the extension reaction, an elongation 
product of 72 bp was detected in both brain and colon, and the transcription initiation site was 
5 identified as the cytosine 103 bp downstream from the TATA box at nt 750 in the 5' flanking 
region (Figure 3 A). In contrast, when primer P42 was used, an elongation product of 71 bp was 
detected in brain tissue only, and the transcription initiation site was identified as the guanine 
133 bp downstream from the TATA box at nt 139 in intron 1 (Figure 3B). 

10 Examples 

PGR Cloning of Gene Splice Variants 

PGR cloning was performed with poly (A)" RNA (150 ng) from rat brain, colon, and 
liver using strategically designed oligonucleotide primers (Table 1), as previously reported (Song 
et al., Proc. Natl. Acad. Sci. USA. 90, 9085 [1993]). Primer P13 (SEQ ID N0:7) in the 3' 

\5 untranslated region w^as used in combination wMth either primer P9 (SEQ ID N0:6) in exon 1 or 
primer P3 (SEQ ID N0:3) in intron 1 to produce full-length cDNAs. Primer P3 containing the 
20-mer of intron 1 sequence was designed to verify splice variants that did not express exon 1 . 
The resulting PGR products served as the templates for subsequent PGRs using internal primers 
P5 (SEQ ID N0:4) and PI 0 (SEQ ID N0:5). Gene splice variants were identified by sequencing 

20 as described above. 

When primers P9 and PI 3 followed by primers P5 and PIO were used for PGR, multiple 
bands were obtained from the brain and colon RNA (Fig. 4 A), rather than the expected single 
band. Using primers P3 and PI 3 followed by primers P5 and PIO, specific bands were 
demonstrated only in brain, as shown in Fig. 4B. The sequencing results of these PGR products 

25 revealed that rat OFQR expressed at least nine splice variants deleted for exon 1, or exons 3 to 5, 
as shown in Fig. 5G. Previously reported cDNAs LCI 32 (Bunzow et al., FEBS Lett. 347:284 
[1994]) and Hyp 8-1 (Wick et al.. Brain Res. Mol. Brain Res. 27:37 [1994]) deleted for exon 1 
had the same sequence as the OFQR-c and OFQR-c', respectively. Pan et <://., Gene 171: 255 
[1998] reported that the coding regions of OFQR-b (-b'), -c (-c'), and -d (-d') splice variants 

30 corresponded to the coding regions of K0R-3a, -3, and -3d, respectively, in mouse brain. Unlike 
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# # 

the OFQR-c (-c) and -d (-d) isofomis, translation of the OFQR-a, -b (-b). and -e (-e') is 

predicted to result in early temiination at exon 5 or 6 due to shifts of the open reading frame (Fig. 
4C). We did not detect a splice variant containing intron 5, as reported by Wang et al.. supra. In 
addition, the amino acid sequence deduced by this study varies from that published by Wang et 
5 al, supra, as shown in Fig. 4D. 

Example 4 

Expression of alternative splicing in various rat tissues 

RT-PCR with poly (A)^ RNA (150 ng) from various rat tissues (brain, liver, kidney, 
10 heart, lung, spleen, skeletal muscle, testes, esophagus, gastric fundus, corpus, antrum, pylorus, 
duodenum, jejunum, ileum, proximal colon, and distal colon) was perfomied using primers P5 
and P29 (Tabic 1 ). The splice variants were analyzed by Southern blot or the ScanJet 4c/T 
(Hewlett Packard). A housekeeping gene, GAPDH, served as an internal control. 

As shown in Fig. 5A, PGR products of OFQR variants were not delected in lix er, kidney, 
15 heart, lung, spleen, or skeletal muscle, whereas two forms, OFQR-a and -c, were expressed in 
testes. These forms, in addition to OFQR-b, were expressed in pylorus, ileum, and proximal 
colon. Both fomis, OFQR-b and -c (or -d) were expressed in brain and antrum. OFQR-c (or -d) 
was expressed in esophagus, fundus, corpus, duodenum, jejunum, and descending colon, OFQR- 
c and -d could not be distinguished in the electrophoretic analysis of RT-PCR products due to the 
20 small size difference {i.e., 15 bp). As shown in Fig. 5B, the OFQR-c' or -d' splice variants W'cre 
expressed only in brain. The sequencing data agree in part w ith the results of Wang et al, supra 
and Osinski et ai. Eur. J. Pharmacol. 365, 281 [1999], who used RT-PCR to study the 
expression of OFQR in rat and pig tissues, respectively. 



Table 1 

Sequence of Oligonucleotide Primers Used in PGR 


Name 


Location 


Orientation 

1 


Sequence (5'-3') 


' 


Intron 1/Exon 2 


Sense 


gtttctgtgccctgttccagGAACTG 
(SEQIDN0:3) 


P5 


Exon 2 


Sense 


CCTGCCCCTTGGACTCAAGGTCACC 
(SEQIDN0:4) 
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4 # 



P9 


Exon 1 


Sense 


'j'-^Ti_AGTi_CACT|jT'jCTi-LT'jCCTG 
(SEQ ID N0:6) 


PIO 


Exon 6 


Anlisense 


(SEQIDN0;5) 


D 1 1 

r 1 3 


"J* I 'TD 


Anil sense 


(SEQ ID N0:7) 


P29 


' 1 

Exon 5 


Antisense 


CAGTGTTAGCAAGACCAGGG (SEQ 
IDN0:8) 



Primers P3, P5, and P9 possess a BamHl site at their 5' end. Primers PIO and PI 3 possess an 
EcoRI site at their5'end. The intron sequence is in lowercase. 



Table 2 

Nucleotide Sequence of Exon-Intron Boundaries in Rat OFQ Receptor Gene 


Exon 


Exon Size (bp) 


Sequence of Exon-Intron Junctions 
(5' Splice Donor.... Intron (bp)... .3' Splice Acceptor) 


1 


250 


GTTGGAG gtaagagggg... (4 67 ) ... ccccgttccag GAACTGT 
(SEQ ID NO: 25) 


2 


257 


TCCTCAG gtaggctggg... (555) ... tttttttccag CTGGGAG 
(SEQ ID NO:26) 


3 


84 


ACAGCAG gtgaggactt... (1353) ...ttcattgctag ACAATAC 
(SEQ ID NO:27) 


4 


145 


ACATTCA gttagatatg... (283 ) ... gtcctctacag GCACACC 
(SEQ IDNO:28) 


5 


358 


GATGAAG gtcagtgggt... ( 8 1 ) ... ctctcctgcag AGATCGA 
(SEQ IDNO:29) 


6 


524 


AGCATGA (SEQIDNO:30) 



5 Exon sequences are in uppercase and intron sequences are in lowercase 



All publications and patents mentioned in the aboxe specification are herein incorporated 
by reference. Various modifications and variations of the described method and system of the 
10 invention will be apparent to those skilled in the art without departing from the scope and spirit 
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